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HUNGER OEDEMA^ 

By F A DENZ 


Iniroductton. 

Httngeb. oedema is a condition endemic m many Eastern conntnes where 
large populations exist on the edge of starvation However, it is only during 
war or famine when millions are affected, or when oedema appears m a people 
usually free from this disorder, that it excites interest and investigation 
Historical accounts have been given by Maver (1920) and Lusk (1921), who 
showed that it is a condition long recognized as the lot of the citizens of 
beleaguered cities, and of prisoners, both civil and military Great attention 
was given to hunger oedema by German observers m 1917 and 1918 after 
the v^idespread appearance of oedema m German civihans At this time 
many detailed olmioal accounts were published (Falta, 1917 , Falta and 
Quittner, 1917, Elnack and Neumann, 1917, Rubner, 1918, Rossle, 1919) 
Throughout the recent war of 1939-46, reports mdicate a widespread inci- 
dence — m the Dutch East Indies (Streef, G M , Streef-Spaan, A M , and 
Ismangil? 1940), India (Chakrabarty, 1944), the Hadramaut (Ankahkar, 
1944), the Japanese-occupied area of Chma (Laycock, 1944), and the German- 
occupied temtones of France (GouneUe, Marche, and Bachet, 1942 , Leuher, 
Revol, and Troufllas, 1942 , Beaussart, FeuiUet, and Secques, 1943), Belgium 
(Govaerts and Lequime, 1942 , BruU and Dumont, 1942), and Greece (Perakis 
and Bakalos, 1943) Hunger oedema has also been reported amongst German 
omhans (Landes, 1943) and in German prison camps (Stevenson, 1944 , 
Molhson, 1946) 

Though many theories have been advanced to explam hunger oedema, it 
15 now widely accepted that the mam factor is a dehciency of dietary protem, 
which m turn results m a depleted protem-content of the body and particu- 
larly of the blood-plasma Starbng (1895) suggested the importance of the 
coUoid osmotic pressure m fluid exchanges m the body, from which developed 
the view that the plasma-protem molecules, by virtue of their size, are unable 
to diffuse to any appreciable extent across the capillary wall, and hence that 
the plasma-protems exert an osmotic pressure which prevents an excessive 
accumulation of flmd m the tissues A decrease m plasma-proteins, which 
commonly occurs m hunger oedema, results m a faU of the plasma osmotic 
pressure, a diminished abihty to hold fluid m the capiUanes, and a conse- 
quent diffusion into and collection m the tissues of an excess of fluid 
Support for this hypothesis has been provided by the results of the experi- 
mental lowering of plasma-protems m animals by plasmapheresis (Barker 
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nnd Kirk, 1930, Dnrrow, Hoppor, and Cary, 1932; Lciter, 1931) and by 
protcm-doficiont diets (Frisch, Mondol, and Peters, 1929 , Wcech, Goottsch, 
nnd Reeves, 1934) A lowered plasma-protein content has been the common 
finding in hunger oedema in man and has been reported by Jansen (1918), 
klaliwn (1917). Schittcnliclm and Sohlecht (1918), Wcech and Lmg (1931), 
GounoIIe, Marche, and Bachot (1942), Govaorts and Lequime (1942), MoUison 
(1940), and others 

In the prasent investigation the plasma-protein levels m a small number 
of cases of oedema occurring amongst Gorman civilian internees have been 

TAnnc I 


Total Plasma-protein {gm per 100 c c ) 


Normal 

Intomoos, 
no history 

Internees, 
after bed 

Slight 

oedema 

Moderate 

oedema 

Severe 

oedema 

British 

of oedema 

rest at camp 

(±) 

{+) 

(++) 

0 40 

6 70 

0 40 

4 77 

0 14 

6 10 

7 40 

0 08 

0 14 

4 10 

4 02 

6 70 

0 82 

6 44 

6 08 

6 78 

4 02 

4 02 

0 82 

6 78 

0 30 

6 78 

4 02 

4 10 

7 12 

6 10 

6 78 

6 10 

4 77 

4 77 

0 40 

0 40 

0 14 

— 

6 00 

4 06 

7 82 

0 14 

0 14 

— 

0 14 

4 66 

7 82 

0 40 

6 08 

— 

4 44 



7 40 

0 40 

6 44 

— 

— 


0 40 

0 40 

6 78 

— 

— 


0 40 

0-40 

0 14 

— 

— 


— 

0 40 

0 40 

— 

— 

— 


0 14 


— 

— 


— 

0 14 

— 

— 

— 

■— 

7 04 

0 10 

Arithmetic mean 

0 03 6 11 

6 07 

4 84 

0 63 

0 47 

Standard deviation 

0 27 0 64 

0 04 

0 61 

7 5 

Coefficient of variation per cent 

7 4 4 4 12 3 

127 

10 6 


investigated The copper-sulphate method of PhiUips, Van Slyke, Dole, 
Emerson, Hamilton, nnd Archibald (1945) was used to determine the total 
plasma-proteins The values for oedematous and non-oedematous cases are 
given in Table I Oedema was classified as shght ( + ) when confined to the 
feet, moderate ( + ) when well developed m feet and ankles, and severe ( -t- + ) 
when it spread to the legs and in a few cases to the abdomen and face 
Gross oedema was not found in any of those cases 

Table I shows that the mternees had a plasma-protem level significantly 
lower than that of a control group of British soldiers Further, the degree 
of oedema appeared to be proportional to the lowering of the plasma-protem, 
but there is considerable variation in each group The normal hnuts for 
total plasma-protem are given by Moore and Van Slyke (1930) as 6 2 to 
8 0 gm per 100 c o by micro-kjeldahl methods The ‘critical’ level of protem 



below which hunger oedema occurs is claimed to be 6 gm per 100 oc 
(Weech and Ling, 1931) A similar ‘critical’ level has been reported m 
nephrosis (Moore and Van Slyke, 1930, Muntweyler, Way, Bmns, and 
Myers, 1933, Peters, 1932, and Peters, Wakeman, Eisenman, and Lee, 
1929), while m animals the ‘critical’ level of plasma-proteins for oedema in 
protem starvation is said to be higher than in protein deficiency resulting 
from plasmapheresis (Weech, Snelhng, and Goettsch, 1933) These authors 
also observed that retention of fluid begms with the first diminution of 
plasma-protem and progresses steadily as the total protems contmue to fall 
It seems that the ‘ critical ’ level of total plasma-proteins is the value below 
which accumulation of fluid is invariably evident, as pittmg oedema of the 
dependent parts of the body That oedema may occur at higher plasma- 
protem concentrations in malnutrition than in plasmapheresis experiments 
anses, it is thought, because the circulation m malnutrition is less efficient or 
because the loss of fat has diminished the elasticity of the subcutaneous 
tissues (Peters, 1936) From Table I it will be seen that in the present 
senes most of the oedema cases had plasma-protem values below 6 gm per 
100 c 0 ClimcaUy recognizable oedema was found in some coses where the 
plasma-protem was above 6 gm per 100 c c , and thus well above the reported 
‘critical’ level These findings suggest that a fixed ‘critical’ level does not 
exist It seems more probable that oedema commences with the first lowermg 
of the plasma-protema and that it becomes apparent relatively soon m some 
of the poorly covered subjects of malnutntion m the easily distensible sub- 
cutaneous tissues of the legs 


Plasma-albumen Levels 

Plasma-albumen, havmg a much smaller molecule than globuhn, is the 
predommant protem m the production of the coUoid osmotic pressure of the 
plasma Thus Govaerts (1927) stated that the osmotic pressure of one gram 
of albumen is eqmvalent to 7 60 cm of water, as contrasted with 1 95 cm 
for one gram of globuhn Weech and Ling (1931) emphasized that albumen 
deficiency is the real cause of nutntional oedema, and found m oedematous 
Chmese patients that when the albumen exceeds 2 9 gm per 100 c c oedema 
IS not observed, but when it is less than 2 5 gm oedema is mvanably present 
Martm and Demole (1942), reviewmg recent French papers on hunger oedema, 
stated that m moderate oedema the albumen range is 4 0 to 4 6 and m severe 
oedema 2 6 to 3 0 gm per 100 o c 

In the present senes of cases the plasma-protems were fractionated, and 
the fibrmogen, albumen, and globuhn estimated by the modification of Hawk 
and Bergeun’s method described by Beaumont and Dodds (1943) The 
results are given m Table II 

The normal range for plasma-albumen is given by Moore and Van Slyke 
(1930) as 3 6 to 6 0 gm per 100 o o , and Trevorrow, Kaser, Patterson, and 
Hill (1941) gave the mean value for normal adults as 4 70 + 0 32 gm per 
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100 c.c From Table II it will bo seen that most of tho values for plasma- 
albumen arc lov , but tho degree of oedema bears no relation to tho plasma- 
albumen The concept of a critical level of plosma-protoin for tho production 
of oedema has been criticized above, and the same arguments prevail against 
a ‘ critical’ albumen level Tho accuracy of tho clinical assessment of oedema 
18 discussed more fully below Tho most that can be said is that oedema m 
these cases is associated with low plasmn-alburaon levels in accordance with 

Table II 


PIas7ntt-2>rolem Fraclions m Oedema (gm per 100 c c ) 


Total protein 

Fibrinogen 

Globulin 

Albumen 

Degree of oedema 

4 00 

0 23 

1 10 

2 68 


4 GO 

0 36 

1 41 

2 76 

++ 

4 28 

0 24 

1 20 

2 78 

++ 

4 70 

0 38 

I 4S 

2 84 

+ 

4 88 

0 21 

1 00 

2 DO 

± 

4 70 

0 24 

1 40 

3 05 

++ 

C 65 

0 28 

2 10 

3 08 


4 07 

0 27 

1 II 

3 20 


4 43 

0 21 

0 88 

3 34 

+ 

5 20 

0 39 

1 64 

3 40 


5 47 

0 37 

I 00 

3-48 

++ 

5 20 

025 

I 44 

3 67 

+ 

5 07 

0 23 

I 20 

3 68 

+ 

4 81 

0 17 

0 83 

3 81 

+ 


tho theory of oedema production derived from Starhng’s views on fluid 
exchanges 

Tho plasma-globuhn in these cases is variable, as found by other investi- 
gators and summarized b}’’ Drinker and Yoffey (1941) Low values for 
plasma-albumen tend to bo associated with a similar lowering for globuhn, 
but this association is very inconstant 


Plasma-volume 

A low blood-volume has been reported m cases of hunger oedema by Lusk 
(1921) These values probably reflect tho general loss of tissue as a result of 
malnutrition Mollison (1940) found in seriously under-nourished subjects 
that tho blood-volume is not reduced in proportion to body weight He 
found low ratios of blood-volume to body weight in three oedematous cases, 
but other similar cases did not show this relation A lowered blood-volume 
might bo anticipated because of loss of fluid into tissues with resultant 
haemoconcentration, but Lusk (1921) has reported hydraemia, as have 
German workers of the 1917-18 penod This would mdicate that the blood 
shares the excessive hydration of the body, and the hydraemia might be 
expected to result m a raised blood- volume 

Plasma-volumes in the cases under investigation were determined by the 
Evans blue (T 1842) method Ten milhgrams of Evans blue m 6 o c of 
sterile water was mjeoted intravenously and blood samples were taken at 6, 
10 16, 20, 30, and 60 minutes From the curve of the plasma concentrations 
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obtained oolorimetrically, a line ■was drawn asymptotic and extrapolated 
to give the concentration at zero tune Values given in Table ILL were 
obtained 

The results given in Table III show considerable variation Plasma- 
volumes per sq[uare metre of body surface probably form the hest hasis for 
comparison, and Eowntree and Brown (1929) give the normal range for male 
adults as 1 40 to 2 6 litres (average 1 94) per square metre The results m 


Table in 

Plasma-volumes in Oedema 


Plasma- 
protem 
(gm per 
100 c 0 ) 

Oedema 

Plasma- 

volume 

(litres) 

Haema- 

tocnt 

/O 

Blood- 

volume 

(hires) 

Plasma- 
volume 
(litres 
per kilo) 

Plasma- 
volume 
(htres 
per sq 
metre) 

Day of test 

6 26 

+ 

3 90 

39 

6 39 

0 060 

2 05 

4 days after ad- 

4 28 

++ 

3 00 

34 

4 64 

0 062 

1 79 

[tmssion 

3 ft ft ft 

4 43 

+ 

2 96 

39 

4 41 

0 064 

1 76 

3 ,, ft ft 

4 70 

++■ 

3 14 

36 

4 91 

0 048 

1 74 

Day of admission 

6 66 

-H- 

2 80 

36 

4 40 

0 064 

1 76 

it ti >> 

4 67 

±-+ 

2 90 

35 

4 46 

0 055 

1 79 

t> tt 

6 07 

+ 

3 76 

42 

0 47 

0 068 

2 08 

it a 

6 47 

++ 

4 60 

37 

7 16 

0 076 

2 60 

it tt it 

4 88 


6 00 

39 

8 20 

0 076 

2 63 

it tt 

6 39 

± 

6 16 

32 

7 68 

0 086 

3 14 

ti tt tt 

4 60 

++ 

6 36 

36 

8 28 

0 099 

3 30 

tt tt tt 


Table IV 

Variations of Plasma-volumes (litres) 


Plasma-protein Plasma-volume (htres 

(gm per 100 o c ) Haemoglobm (%) per sq metre) 





/ 


\ 





lat 

6th 

In- 

let 

6th 

In- 

Ist 

6th 

De- 

day 

day 

crease 

day 

day 

crease 

day 

day 

crease 

4 95 

6 78 

0 83 

11 9 

14 0 

2 1 

3 34 

2 21 

1 13 

6 78 

6 32 

0 64 

10 7 

13 4 

2 7 

3 14 

2 36 

0 78 

644 

6 78 

0 34 

12 6 

13 6 

1 1 

2 60 

2 16 

0 46 


Table III show values as high as 3 30 litres per square metre CJonsideration 
of these somewhat unexpected findings disclosed that normal values were 
obtamed when the exammation was done several days after admission to 
hospital, whereas high values were frequently obtamed when the plasma- 
volume was determmed within a few hours of admission This suggested a 
change m plasma-volume within a few days of admission to hospital To 
mvestigate this pomt the plasma-volumes, total plasma-protems, and haemo- 
globm of three oedematous patients were determined on admission and agam 
after five days rest m bed m hospital The results are given m Table IV 
Table IV shows that m a period of five days all three cases gamed m 
plasma-protein and haemoglobm, at the same time showmg marked decrease 
m plasma-volume as measured by the Evans blue method In five days the 
plasma-protein increased from 6 to 17 per cent and haemoglobm from 9 to 
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26 per cent This is in excess of any gam that might ho expected in five days 
from improved diet A similar rise in protein from 4 6 to 6 7 gm per 100 
c c on loss of oedema has boon recorded by Gounello, Bachet, and Marche 
(1043) It appears likely that the blood of these patients was hydraemio on 
admission and that loss of the extra water from the blood resulted in an 
increnso in both plasma-proteins and haemoglobin The apparent fall in 
plasma-voliime cannot bo entirely accounted for by the disappearance of 
excess fluid from the circulation In all three cases the decrease was far in 
excess of that v Inch could be computed from the figures for plasma-protein 
and haemoglobin In one case the increase in plasma-protein and haemo- 
globin was 17 per cent , while the plasma-volume decreased by 34 per cent 
Only part of the fall in apparent plasma- volume can bo attributed to loss of 
vnter from the blood-stream, and a further explanation must be sought 
The use of Evans blue for the determination of plasma-volumes is justified 
oiilj' as long as it can bo shown to be confined to the circulatory system 
Evans blue is believed to bo firmlj’ adsorbed on the plasma-proteins (Courtioe, 
1943) and hence is confined to the same circulation area ns the plasma- 
proteins, but it has been clearly shown that oedema fluids may have consider- 
able protein content which is apparently attained by exudation from the 
capillaries into the tissue spaces The protein content of oedema fluid pro- 
duced by a varictj of causes ranges from mere traces up to 4 gm per 100 c c 
Nutritional oedema fluid usually shows values of less than 0 5 gm per 100 
c 0 (Wecch, Gocttsch, and Reoves, 1934, Bramkamp, 1936, Weech, Snelhng, 
and Gocttsch, 1933), but oven at this concentration a volume of oedema fluid 
of 7 to 10 litres would contain a very largo amount of protein capable of 
retaining Evans blue That Evans blue is not confined to the blood-stream 
hos been shown by Calvin (1941) in states of asphyxia, and Freeman, Freed- 
man, and Miller (1941) in shock, uhilo Hevesy, Koster, Sorensen, Warburg, 
and Zerahn (1943) have detected it in bile, and Ferrebee, Leigh, and Berliner 
(1941) have found it in the thoracic lymph of dogs Courtioe (1943), how- 
ever, has shown in dogs and goats that only about 0 6 per cent of the 
injected dj o appears in the thoracic lymph in one hour 

It IS evident that Evans blue can leak mto the subcutaneous tissue, and 
the high values for plasma-volumes given above are due partly to the 
hydraemic condition and partly to the leakage of the dye, although in most 
cases the amount of dyo diffusing from the vessels m the course of the experi- 
ment is probably small The Evans blue thus distributes itself to the blood- 
plasma, the oedema-fluid, and the lymph It is impossible to evaluate the 
proportion of the observed volume due to each of these flmd systems It has 
been suggested that this difficulty of diffusion of the dye can be overcome by 
extrapolating the senes of readings to zero time before leakage has occurred 
(Gibson and Evans, 1937 , Gregersen and Stewart, 1939) Gilder, Muller, 
and Phillips (1940) have shown that mixing m the blood-stream is probably 
complete within five minutes They showed also that the concentration falls 
at a moderate rate for a still longer penod pnor to flattening out to the 
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constant ebmination curve Extrapolation of this so-called mixing curve 
gave a smaller plasma-volume than that estimated hy extrapolation of the 
ebmmation curve and probably more nearly represents the true plasma- 
volume 

Erom the results in Tables III and IV it can be concluded that the high 
values for plasma-volume in oedema cases are in part the result of raised 
plasma- volume due to hydraemia A further factor affectmg these results is 
a loss of dye by diffusion from the vascular system The use of the method 
of extrapolation of the ebmmation curve has not entirely overcome the 
difBoulty of diffusion of Evans blue It is probable that diffusioii of the dye 
commences immediately it has been mjected, but the rate of diffusion is 
unbkely to be high enough to invabdate the method 


The Effect of Best on Oedema 

Reference has already been made to increase in plasma-protems and other 
changes found m oedema cases ■within a few days of admission to hospital 
These rapid changes, ■which are a most stnkmg feature of hunger oedema, 
may he summarized 

1 Loss of oedema m two to four days 

2 Loss of weight m the same period , three to seven kilos in weight is lost 
m a few days 

3 Passage of large volumes of urme in the first 48 hours, as much as 
10 litres of urme may be passed m this time 

4 Loss of chlonde m the urme is considerable , 46 gm. of chloride may be 
passed m 48 hours 

6 Eab in plasma-chlonde level 

6 Decrease in plasma-volume as measured by the Evans blue method 

7 A sbght mitial fall m plasma-protem followed an irregular but definite 
rise over the foUowmg five days 

Several factors may be concerned m the production of these changes 
The m'temee had exchanged an mactive life m an internment camp on a diet 
of 2,000 calories ■with abbut 20 gm of protem for a bed m a British Hospital 
and a diet of from 3,000 to 3,600 calones with from 70 to 100 gm of protem 
The simplest explanation of the physiological changes desonbed above would 
be that the mcreased protem of the diet raised the plasma-protem ■with result- 
ant increase m plasma osmotic pressure and ■withdrawal of flmd from the oede- 
matous tissue to the blood-stream Against this explanation is the fact that 
the oedema disappeared m a few days, long before the plasma-protem defi- 
ciency could be made good by diet Eurther, it can be shown that these 
changes may be the result of rest m the absence of any improvement m diet 
In the mtemment camp oedema is successfully resolved by rest in bed ivith- 
out change m diet The fact that rest was a simple means of resolinng oedema 
was appreciated by the German -writers of the war of 1914-18 (Schittenhelm 
and Schlecht, 1918 , Knack and Neumann, 1917), who realized also that the 
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ocdcnm recurred on return to an active life German writers of that period 
have pointed out that exorcise is a potent factor in the production of oedema 
(Falta, 1917 , Jiirgons, 191C) The same story has been told of oedema in 
Allied prisoners of the war of 1939-45 The prisoners had no oedema while 
living in prison camps, but rapidly developed oedema -when forced to make 
long marches across Germanj’ 


Effect of Exercise on Oedema 

In the present investigation the effect of exercise was examined Four 
patients vboso oedema had disappeared withm five days of admission to 


Table V 


Effect 

of Exercise 

on Oedema in Four Cases 



On ad- 

After fiv 0 

After seven 

After eight 


mission 

dej-s in bod 

days’ exorcise 

days m bed 

Weight 

54 

61 6 

63 

62 

Plasma protoina 

4 05 

6 78 

6 44 

6 08 

Ploamn-i olumo 

3 30 

O OJ 

2 00 

1 99 

Wciglit 

GO 

58 

58 

58 

Plasmn-protoina 

5 44 

6 78 

0 14 

6 14 

Plostna-volumo 

2 00 

2 15 

1 82 

1 92 

Weight 

CO 

62 6 

63 

63 

Plasma-proteins 

6 78 

0 31 

0 48 

0 14 

Plasma-volume 

3 14 

2 30 

1 38 

2 32 

Weight 

65 

62 25 

53 

63 

Plasma-proteins 

6 10 

4 90 

6 28 

6 02 


Weight in kilos 

Plnsmn-profoins in gm per 100 o c 

Plnsma ^ olumos in litres per sq metro of body surfneo 


hospital wore taken as a group Their rdgimo vas changed from passive 
lying in bed to an active, ambulant life They rose at 0 a m and sat or 
waUced about until 8pm with only one hour of rest m bed at midday In 
addition they had two periods of active exorcise which consisted of walking 
for a period of two to three hours daily The diet continued unchanged at 
over 3,000 calories 

Within SIX days all four cases showed shght but definite pittmg oedema of 
the feet, and three showed shght gains in weight The plasma-proteins re- 
mamed high during this period, and indeed in two cases showed a protein 
level consistently above 6 gm per 100 c o The changes are shown in 
Table V 

From Table V it will be seen that the first patient gamed 1 6 kilos in 
weight, while developing oedema and showing evidence of hydration of the 
blood as indicated by a shght fall in plasma-protem The mcreased plasma- 
volume can also be mterpreted as due to an increased extracellular flmd 
content The other three cases did not show any sigmficant changes, other 
than the development of oedema and m two cases a shght gam m weight 
After seven days of exercise these patients were returned to bed for a period 
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of eight days Within the first two days of this second period of rest the 
oedema disappeared In three cases the plasma-proteins fell during the first 
day of rest (thirteenth day after admission to hospital) and this fall might 
he attributed to the deviation of flmd from the tissues to the blood prior 
to elimination by the kidneys Thereafter the plasma-protems rose shghtly 
These changes m plasma-protem, shown m Figs 1 and 2, are discussed m 
greater detail below 

As a complementary experiment to the production of oedema by exercise 
m apparently cured oases, an attempt was made to maintam oedema by 


Table VI 

Effect of Exercise plus Good Diet on Oedema in Two Oases 



On ad- 

After seven 

After eight 


mission 

days’ exercise 

days m bed 

Weight 

63 6 

63 5 

69 6 

Plaama-pro terns 

6 10 

6 10 

6 10 

Plasma- volume 

2 70 

2 63 

1 86 

Weight 

76 26 

76 

76 

Plasma proteins 

4 77 

6 28 

6 97 

Plasma-volume 

176 

2 16 

2 03 


Weight m kilos 

Plasma-protems m gm per 100 o c 
Plasma-volumes m litres per sq metre of body surface 

exercise m spite of mcreased diet Two cases of oedema, one of moderate 
degree and one of minor degree, immediately on admission to hosintal were 
subnutted to the active regime described above They were at the same time 
given the full diet of 3,000 calories After seven days they had preserved 
their oedema unchanged, their weight was constant, and plasma-protems and 
plasma-volumes had not shown significant changes They were then treated 
by rest m bed The oedema disappeared m two days and there was sigmficant 
loss of weight The changes are given m Table VI 

These experiments show that exercise results in the persistence of oedema 
and that rest m bed is a simple means of resolvmg oedema This change, 
however, is reversible and the oedema readily and rapidly recurs if exercise 
IS resumed, as has been shown here and reported elswhere (Knack and 
Neumarm, 1917 , Schittenhelm and Sohleoht, 1918, Govaerts and Leqmme, 
1942, Stevenson, 1944) 

Permanent cure can he obtamed only by replacmg the protem deficiencies 
of the body, as has been shown experimentally m man by Gounelle, Bachet, 
and Marche (1943) The pecubar changes on rest and exercise remam an 
interestmg but subsidiary part of the problem of oedema 


Plasma-protems in Oedema 

The plasma-protein values for the oedema cases studied above after loss 
of oedema show values not far removed from 6 gm per 100 o c The plasma- 
protems of another senes of treated oedema cases have been determined and 
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arc shown m Column 3 of Table T These cases wore treated in the intem- 
mont camp by rest in bed without any increase in diet. Under these conditions 
they soon lost thoir oedema The plaama-proteins of 12 such cases after loss 
of oedema gave a' mean value of C 03 gm pcrlOOcc The transitory nature of 
the cure by rest is shown by the fact that many of these patients redeveloped 
oedema within a short time of resuming normal camp life Tlio reversible 
change from oedema to the non-oedomatous state is duo in the internment 
camp entirely to cvoroiso and posture, sinco the diet remains the same through- 



Tlmc in days 


Fio I Daily vanntion in plasma-protoin 

out At first sight it IS somewhat surpnsmg that oedema so readily appears 
in a group whoso proteins are appro'vimately 0 gm. per 100 c c , but considera- 
tion of the various factors shows that the plasma-protein is but one of the 
factors concomed and gives a very incomplete and sometimes inaccurate 
picture of the nutritional state of the bodj' Burch and Winsor (1944) have 
emphasized the importance of the elasticity of the skm in restraining oedema 
formation Even a slight lowering of plasma-proteins may result in defective 
absorption of fluid that can readily collect luider the mfluence of gravity m 
the lav and inelastic tissues of the victim of undor-nutntion 

If the plasma-protein figures for cases of oedema after resolution of oedema 
by rest (Column 3, Table I) are compared with the values for mtemees who 
have no history of oedema (Column 2, Table I), it is evident that there is no 
significant difforonco betn con the plasma-proteins for the two groups, although 
both are lower than normal controls (Column 1, Table I) From these figures 
the conclusion that large numbers of internees are on the verge of oedema is 
probably justified Indeed, this conclusion is supported by the occurrence of 
minor epidemics of oedema whenever internees are moved from one camp to 
another or are for any other reason assuming a more active role 

The constancy of the plasma-protein in the normal subject is usually 
accepted without question When daily plasma-protem determmations are 
made on oedema cases, some show considerable fluctuation Thus, Case 169 
in Fig 1 shows diurnal variations of sufiBcient magnitude to obscure changes 
produced by diet or exercise and certainly to render insignificant random 
determinations of plasma-proteins Yet another case, 762 in Fig 2, shows 
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consistent regularity except for a fall in plasma-protein on the second and 
thirteenth days that can be accounted for by a transitory hydraemia arising 
from a change of regime from exercise to rest Even these changes are 
significant from the pomt of view of the commonly accepted idea of the 
constancy of the plasma-protein 

This diurnal variation resulted in a consideration of the accuracy of methods 
for detenmnation of proteins The values obtained by the copper-sulphate 
method of Philhps, Van Slyke, Dole, Emerson, Hamilton, and Archibald (1946), 



Tme m days 


Fig 2 Daily vsnation m plasma-protein 

used throughout the present investigation, were compared with values obtained 
by digestion-Nesslenzation methods and very close agreement was obtained 
Errors resultmg mainly from faulty methods of collection of blood have been 
investigated by Rowe (1916), Peters, Wakeman, and Eisenman (1926), and 
Kagan (1941) Consideration of the possible errors did not disclose any hkely 
factor to account for the magmtude of variations obtamed, and the regu- 
larity of the values for Case 762 suggests that the variations m Case 169 are not 
due to errors m technique, smce these two cases were exammed together by 
the same methods Ingestion of water and of sahne has been shown in normal 
young adults to produce considerable change in plasma-protem, by Lyons, 
Jacobson, and Neerkm (1946), who attributed such changes to variations m 
serum-protem, and quoted the conclusions of Madden and Whipple (1940) 
that the serum-proteins are m a state of dynamic equihbnum and are added 
to or taken from the blood with ease It seems improbable that the mal- 
nounshed oedema cases should show much variation m total amount of protem 
owmg to depleted protem reserves The changes appear rather to be due to 
the labile nature of water exchanges in the body in oedema cases, with the 
production of varymg degrees of hydraemia This variation appears to be an 
individual characteristic and not directly related to the degree of oedema or 
the plasma-protem content It is apparent at least m hunger oedema that 
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the plnsma-protom is not a fixed quantity, and several factors may be 
concerned in the diurnal changes found in some oedema cases 


Extracellular Fluid and Oedema 

That the degree of clinical oedema docs not bear a constant relation to 
the plasma-protein level can he seen from Tables I and II One patient showed 
only slight oedema of the ankles, but lost in a few days 8^ kilos in weight 
and excreted 28 gm of chloride in two da 3 ’s Within one week ho had lost 
about 81 litres of oedema fluid Another case showed gross oedema up to the 
knees In a W'cek he lost only two kilos in weight, corresponding to two htres 
of oedema fluid The degree of oedema ns shown bj' the subcutaneous collec 
tion of fluid nppnrontl}’ gives no certain measure of the degree of hj'dration 
of the bod}' 

The location of the oedema is of interest If a bod 3 ’ contains 8l litres of 
excess fluid and j’ot shows minimal visible oedema which could at the most 
account for one litre, the fluid must be hidden in the body It is unlikely 
that hy’drncmia could result m the accommodation of more than half a litre 
in the blood-stream This leaves unaccounted seven litres Some hght was 
thrown on this problem at post-mortem of two internees (not included in the 
present senes) who died of natural causes Both bodies were somewhat 
emaciated, but showed no clinical oedema on external examination Internal 
examination, however, showed occult oedema The meninges and brain were 
oedematous The mediastinal tissues were distended with flmd to a gelatmous 
consistency, and the perirenal and retroperitoneal tissues had a similar appear- 
ance The association of emaciation with gelatinous oedema of the deep 
connective tissue gives an indication of the occult nature of oedema and the 
location of largo amounts of oedema fluid 

From these findings it is evident that cbmcally assessed oedema gives an 
inaccurate picture of the fluid-content of the body The changes in weight 
during the loss of oedema have provided the most useful indication of the 
degree of oedema An attempt was made to determine the amount of oedema 
bj’’ following the changes in the extracellular fluid volume as determined by 
the thiocjanato method It has been infoned that the distnbution of thio- 
cyanate in the bod}' corresponds roughly to the extracellular fluid (Lands, 
Cutting, and Larson, 1940, Mollors, Mimtwyler, and Mautz, 1941, Wallace 
and Brodie, 1939, Weir and Hastmgs, 1939) 

The procedure adopted was to inject intravenously 5 c c of a 6-molar 
solution of ammonium thiocyanate stenhzed by Seitz filtration A fresh 
syringe was used, the needle bemg already in the vein. The solution was 
mjected slowly over five minutes The routme was combined with that for 
plasma-volume A sample of the blood was taken before injection, the syrmge 
was changed and Evans blue mjeoted, the syrmge changed agam and the 
thiocyanate injected Specimens of blood were then taken at regular intervals 
as described for the plasma-volume method After the Evans blue m the 
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serum had been estimated, to 2 c o of serum 2 e o of 15 per cent tnohlor- 
acetic acid was added After mixture, this suspension was centrifuged, and to 
2 c c of the supernatant fluid 1 c c of a 6 per cent iron-alum solution added 
The resultant coloured solution was compared withm 10 mmutes m a colori- 
meter with a similarly treated solution made by ddutmg the solution used 
for injection to one part m 4,000 The serum obtained before mjection of the 
thiocyanate was used as a control The control is essential where repeated 

TabIiE VII 

Exiracdhdar Fluid Volumes m Two Gases 

(«) 

On Admission 

Fluid volume (litres) 19 4 

Percentage of body weight 30 8 

After Exercise — Seven Days 

Flmd volume (litres) 20 5 

Percentage of body weight 32 2 

After Rest — Eight Days 
Fluid volume (litres) 16 0 

Percentage of body weight 26 7 


( 6 ) 

16 4 
20 2 


14 4 
18 2 


15 4 
20 2 


estimations are made on the same mdmdual, for the thiocyanate ion persists 
m the blood-stream for seven to 10 da}'a m detectable amounts 
The extracellular fluid volume of five cases after loss of oedema varied 
between 12 2 and 16 0 htres, constituting from 20 to 28 per cent of body 
weight Lavietes, BourdiUon, and Klinghoffer (1936) found mdividual 
variations m man of from 17 to 28 per cent of body weight as determmed by 
injection of sulphate, saccharose, and thiocyanate The changes m extra- 
cellular flmd on exercise have been followed from two cases 

As described above, these two cases on admission to hospital were treated 
on exercise for seven days and then complete rest for eight days During the 
period of exercise the first patient, who had well developed oedema on admis- 
sion, gamed one htre of extracellular flmd durmg exercise and lost 6 5 htres 
when restmg The second patient, who had minimal oedema, showed no 
significant change m flmd volume and did not show any change in weight m 
the two weeks of the experiment From these figures it appears that the 
thiocyanate method offers a means of following water-storage changes m cases 
of famme oedema and might well be used m the study of non-oedematous 
cases with low plasma-proteins and possible occult oedema 


Unitary Changes in Oedema 

The urmary changes that occur m oedema oases on rest m bed have been 
summarized above, and similar findings have been reported by Schittenhehn 
and Schlecht (1918), Tomn (1919), Govaerts and Lequime (1942), and many 
others During the first two days of rest, volumes of urme as high as five 
litres per diem were passed This output was greatly m excess of the flmd 
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intake Nocturnal frcqucncj' was a marked feature, and the nocturnal volume 
was at least equal to the volume passed by day Govaorts and Lequime (1943) 
used tins finding m their eases to explain the development of oedema They 
hoheved that the patient at first passes at night the excess of fluid he has 
retained during the day’s activitj’’ Eventually, fluid retention exceeds the 
excretory poucr and fluid accumulates, requiring more and more time in the 
prone position for its elimination 

A great loss of urinary chloride was associated with the increased diuresis 
The amounts of chloride (expressed as gm of chloride ion) lost in the urme 
per diem for the first five days of rest arc shown for four eases m Table VIII 

Table VIII 


Urine Chloride Ouipvt in Four Cases 
Chloride {in gm ) passed in 24 Hours 


Ist (lay 

11 2 

16 0 

28 4 

10 1 

2nd „ 

13 3 

12 4 

17 1 

13 8 

3r<l „ 

6 7 

08 

103 

87 

4th „ 

7 7 

73 

07 

0 0 

6th „ 

30 

20 

40 

66 


As much ns 28 gm of chloride may be excreted in 24 hours, ns compared 
with the normal excretion of about 9 gm After the first few days m bed 
both the urine volume and the chlondo output fall to values much below 
normal Thus high urinary output and chlondo loss occur while oedema is dis- 
appearing The diminished excretion of chloride from the third day onwards 
IS probablj the result of the marked fall in plasma-chloride that occurs dur- 
ing the first five days, as shown in Fig 3 


Chloride Metabolism and Oedema 

In almost all dcscnptions of hunger oedema the intake of large amounts 
of vater and salt is emphasized The diet of the cases of the present series 
v ns alleged to bo deficient in salt, and salt was not part of their rations They 
complained of salt lack, but were probablj far from salt deficient in view of 
their high plasma-chloride levels on admission, of the order of 300 mg per 
100 c c , which can be compared with the normal figure 367 given by 
McCance (1030) 

The plasma-chloride changes are shown in Fig 3 A similar fall in blood- 
chloride has been described by Mahwa (1917) In the process of losing oedema 
a largo excess of chlondo is excreted by the kidneys The concentratmg 
power of the kidneys for chlonde can be examined by studying the ratio of 
chlonde concentration of urine to chloride concentration of plasma This 
ratio has been calculated for four oases and is given m Table IX 

From Table IX it is evident that in the first day of rest m bed the 
kidneys excreted a urme of chloride concentration greater than that of the 
plasma, in some cases the chlonde concentration of the urine was nearly 
twice that of the plasma This would deplete the body of chlonde and this 
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depletion is indicated by a fall in plasma-chlonde (Eig 3) For the remain- 
ing four days m bed, the ratio fluctuated about a value of one, indicatmg 
that the chloride concentration of the urme was essentially that of the 
plasma During exercise a strikmg change m the ratio occurred The urme 
chloride concentration fell below that of the plasma, givmg a ratio of less 
than one In this period when oedema was developing chloride reabsorption 



Time in days 


Fig 3 Daily vanation in plasma-ohlonde 


Table IX 


Chloride Concentration of Kidneys in Four Cases 



\ TJnne Chloride Concentration 


XtiliZO j 

[Plasma-chlonde Concentration 

f Ist day 

1 80 

1 76 

1 41 

2nd 

t$ 

1 00 

0 91 

0 99 

Rest m bed / 3rd 

it 

0 90 

1 03 

0 93 

4th 

f » 

0 06 

1 03 

1 03 

\ 6th 

t> 

1 08 

1 17 

1 11 

/ 6th 

>1 

044 

0 66 

1 02 

7th 

»» 

0 79 

0 81 

0 87 

I 8th 

»» 

0 77 

0 80 

0 78 

Exercise < 9th 

fj 

0 62 

0 76 

0 61 

10th 

>» 

0 90 

0 87 

0 97 

nth 

»y 

0 69 

0 95 

1 39 

U2th 


0 88 

0 84 

0 73 

/13th 

ft 

0 94 

0 89 

0 77 

Rest in bed 1 14th 

tr 

0 98 

1 03 

0 91 

(l6th 

ft 

1 62 

1 26 

1 36 


1 62 
1 02 
0 86 
1 34 
1 11 

0 71 
0 79 
0 86 

0 78 

1 00 
1 02 
0 72 

0 89 

0 84 

1 38 


by the tubules was mcreased and chloride retention occurred In the second 
rest period from the thirteenth to the fifteenth day excess chloride was 
agam excreted to raise the urme chloride concentration above that of the 
plasma and to give a ratio greater than one These figures lead to the con- 
clusion that while oedema fluid is being excreted the urme contains more 
chloride than does the oedema fluid, which is the ongm of the excess of urme 
For the excretion of oedema flmd excess chloride appears to be necessary 
Certainly it has been shown m experimental sodium-chlonde deficiency m 
man (Baldes and Smirk, 1934 , McCance and Widdowson, 1937) that ingested 
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^ratc^ ftuls to produce a normal diuresis in the salfc-doficienfc subject 
Indeed, Gilman and Goodman (1037) have suggested a system including 
n h 3 Tiothalamico-Ii}’pophy 8 cnl mechanism operating through a sensitivity to 
the salt-content of the blood and controlling the tubular roabsorption of 
salts and water 

During exercise, when fluid is retained with the development of oedema, 
chloride retention can be demonstrated Por the production of oedema 
111 experimental protein deficiency sodium-chlonde retention is essential 
(Korkhof, 1038), confirming many olinical observations on the development 
of hunger oedema Tlicsc conclusions are supported by the work of McCance 
(1037) and Lyons, Jacobson, and Avery (104^), who have shown that the 
water-content of the blood can bo lowered by salt deficiency and raised by 
a free salt intake 

In hunger oedema the main factor in the production of water retention is 
the lowering of plasma-proteins, but other factors such as the salt intake 
and urinary excretion or retention of chloride and vater are of importance 
Disturbance of salt metabolism may alter the glomerular filtration rate, 
thus altering water excretion, or alternatively electrolyte and water ex- 
cretion may bo independent of the rate of glomerular filtration, but be 
regulated bj* tubular absorption The volume of the glomerular filtrate is 
aluays so much greater than the volume of the urine that, unless there are 
gross variations in the former, the volume of the urine is likely to be 
unaffected by alterations in glomerular flow (Barclay and Cooke, 1944) 
From the figures given in Table IX it appears that durmg exercise re- 
tention of chloride occurs ns a result of tubular rcabsorption, and conversely 
during rest an excess of chloride is excreted as a result of diminished rc- 
nbsorption of the ion That exercise exerts an influence on the renal tubules 
IS apparent, although the mechanism by which the changes are produced 
remains unexplained The urinary changes produced in hunger oedema 
cases b 3 ' changes in ph 3 'sical activity offer a promising field for investigation 
of renal function, and an examination of glomerular and tubular activity m 
these oases might provide a useful approach to the problems of chloride and 
water metabolism 


Stnnmari/ 

1 Total plasma-proteins are deoreased in oedema cases Mean values of 
5 24 gm per 100 c c of plasma in slight cases, 5 07 m moderate cases, and 
4 90 in severe cases were obtained as compared with 7 04 gm per 100 c o for 
a normal control group Plasma-albumen values in 14 oedema cases ranged 
from 2 58 to 3 81 gm per 100 c c of plasma The lowered plasma-protems 
are believed to result in the accumulation of oedema that commences with 
the first lowenng of the protein level The view that there is a cntioal level 
of plasma-protein for the production of oedema is not accepted 

2 Plasma-volumes determmed by the Evans blue method give values 
from 1 74 to 3 30 litres per sq metre of body surface High values were 
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obtained while oedema was present, and where the examination was repeated 
after loss of oedema the plasma-volume fell to normal This fall in plasma- 
volume was associated with haemoconoentration as shoira by a rise in 
haemoglobm and plasma-protem This was taken to mdioate that hydraemia 
occurs m hunger oedema 

3 !Four cases of apparently cured oedema were exercised with reappear- 
ance of the oedema Two cases with oedema were exercised while on full 
diet with persistence of the oedema until the patients were allowed complete 
rest Exercise appears to be a potent factor m the production and retention 
of oedema 

4 ^ Daily plasma-protein determinations on oedema cases showed a diurnal 
variation which was probably due to variation m the degree of hydration of 
the blood 

6 The inaccuracy of the olimcal assessment of oedema is illustrated by 
a patient showmg minimal oedema who lost SJ htres of oedema fluid This 
case 18 contrasted with another showmg severe oedema, hut losmg only two 
litres of oedema fluid It is shown that much excess flmd may be hidden m 
the deeper connective tissues of the mediastinum and abdomen 

6 The extracellular fluid volumes have been determmed by the thio- 
cyanate method and in non-oedematous cases ranged from 20 to 28 per cent, 
of body weight Extracellular flmd volume is shown to decrease m loss of 
oedema 

7 Unnaxy chlonde excretion was high dunng loss of oedema. While as 
much as 28 gm of chlonde were bemg lost per diem, the kidney excreted 
a urme of chloride concentration greater than that of the plasma, with 
resultant fall of plosma-chlonde concentration Durmg periods of exercise 
while oedema fluid is coUectmg, the urmary chlonde concentration is less 
than that of the plasma, mdicatmg chlonde retention These changes are 
beheved to be the result of tubular activity. 

The author wishes to acknowledge the advice and help received at vanons 
stages of this work from Professor G R Cameron, Professor A Bradford 
HiU, Lieutenant-Colonel E E Buckland, RAMC, Lieutenant-Colonel 
R G Morrison, RAMC, Dr W E T Tatlow, Mr R Bolton, and 
Mr, E D Durbidge 
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THE OEDB]\IATOUS SYNDROME OE NEPHRITIS WITH 
SPECIAL REEERENCE TO PROGNOSIS i 

By J basil RENNIE 

(Erom the Gardiner Institute of Medicme, University of Glasgow) 

This paper is principally concerned with the fate of patients suffering 
from that form of Bright’s disease characterized by persistent oedema and 
very heavy proteimina Most authorities consider this syndrome a phase of 
chrome glomerulo-nephntis, which sometimes develops m the transition from 
the acute or mitial stage to the termmal uraemia Terms such as the active 
chrome stage of haemorrhagic Bnght’s disease, subacute or chrome paren- 
chymatous nephritis, chronic nephritis with oedema, or the nephrotic 
syndrome of chrome nephritis, have all been employed by those who hold 
that opmion There is an alternative view that the oedematous syndrome is 
not secondary to an attack of acute nephritis, hut is a separate variety of 
glomerulo-nephntis (Longcope, 1938 , Elhs, 1942) The evidence which led 
these authors to this behef may be summarized as follows Firstly, in patients 
with the oedematous syndrome, no history of an attack of acute nephntis 
was obtamed, and m no instance did the syndrome develop m patients who 
had been kept under observation for years after an attack of acute nephritis 
Secondly, acute nephntis was usually preceded by an infection, the onset 
was sharp, the course short, and the outcome as a rule favourable The 
reverse was the case with the oedematous syndrome Thirdly, the serological 
studies of Longcope (1938) and his colleagues mdicated that infection with 
haemolytic streptococci had occurred m over 90 per cent of patients with 
acute nephritis, but only rarely m those mth the oedematous syndrome 
Fourthly, from his extensive studies EUis (1942) concluded that the renal 
histology was quite distmctive from that of acute nephntis and its sequelae 
Whatever view is taken as to the pathogenesis of the oedematous syndrome, 
the cases comprising it appear to be chmoally divisible mto two groups In 
one, which is much the larger, the oedema is accompanied by haematima 
from the start, and hypertension and azotaenua, if not present initially, 
appear later, and death eventually results from uraemia In the other and 
much smaller group, haematuna, hypertension, and azotaemia are said to 
remam absent throughout the entire course of the disease, and to this group 
the term hpoid or pure nephrosis is apphed to denote a separate, primarily 
degenerative condition in which the prognosis is claimed to be good if the 
patient survives mtercurrent infection In this group complete recoveries 
have been recorded, after prolonged periods of observation, by Aldnoh (1930), 
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Banmck (1034), Tappan (1035), Schwarz and Kohn (1035), and Ocrtel (1039) 
On tho other hand, notwithstanding the number of recoveries recorded, it is 
becoming mcrcasinglv recognized that many cases, diagnosed initially as 
pure nephrosis, may later show haematuna, hypertension, or azotaemia, and 
die of uraemia (Bnnnick, 1034 , Major, 193G, Fahr, 1937, Ellis, 1942) 
Fishborg (1030), who followed oases of pure nephrosis for a year or more 
after the disappearance of oedema and during which time albuminuria was 
tho only abnormality, never saw' complete euro Ellis (1042) did not con- 
sider pure nephrosis an entity separate from the oedomatous syndrome which 
ho regarded ns running a progressive course to uraemia He observed only 
five complete recoveries in 145 eases Schwarz and Kohn (1935) found that 
eight out of 40 patients with pure nephrosis were entirely recovered 15 years 
after the onset of tho illness, but a further review five jears later (Schwarz, 
Kohn, and Weiner, 1943) showed that four of tho eight then showed hyper- 
tension and mtcrmittent albuminuria 

In view of tho conflicting findings ns to tho prognosis, the pnmary object 
of the w ork recorded in the present paper was to review the course of the 
oedematous sj'ndromo in 29 patients and to determine, by clinical and bio- 
chemical investigation, tho functional state of tho kidneys in the survivors 

Methods 

Plasma proteins (Howe, 1021, modified by Hawk and Bcrgeim, 1938) 
Plasma-cholesterol (Bloor and Knudson, 191G, 1917) 

Plasma non-protein nitrogen (Fohn and Wu, 1919) 

Blood urea (Archer and Robb, 1924) 

Urea clearance (Peters and Van Sljke, 1931) 

Fluctuations in oedema were gauged by daily weighing 

Clinical Observations 

In Table I are sot out tho more important chnioal and biochemical data 
on 29 cases of the oedematous syndrome at the time of their first examina- 
tion The Wassermnnn reaction was negative in every instance 

History As tho onset of tho illness was insidious in almost all the patients, 
the appearance of oedema was taken to mark tho start of the disease This is 
admittedly fallacious (Ellis, 1942), and in my own experience albuminuna was 
detected by chance in Case 27, six weeks before the appearance of oedema 
In 28 of the patients no previous history of Bright’s disease was obtained prior 
to the onset of the illness Tho remaining patient. Case 10, had had scarlet 
fever a year before tho appearance of the oedematous syndrome Although 
there was slight albuminuria at the height of the fever, the physician m 
charge did not consider that nephritis was present Five of the 29 patients 
(17 per cent) had an acute mfeotion withm three weeks of the onset of 
oedema, four complaining of a cold or chill after a wettmg, and one of influ- 
enza None of the patients gave a history of headache, backache, or vomitmg 
at the tune of the appearance of oedema 
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Bnnnick (1934), Tappnn (1935), Schwnrz and Kolin (1935), and Oertcl (1039) 
On the other hand, notwithstanding the number of recoveries recorded, it is 
becoming increasingly recognized that many cases, diagnosed initially as 
pure nephrosis, may later show hacmaturia, hypertension, or azotaemia, and 
die of nrncmin (Bnnnick, 1934, Major, 193G, Pabr, 1937, Elbs, 1942) 
Fishberg (1939), who followed oases of pure nephrosis for a year or more 
after the disappearance of oedema and during which time albuminuria was 
the only abnormality, never saw complete cure Ellis (1942) did not con- 
sider pure nephrosis an entity separate from the oedematous syndrome which 
ho regarded ns running a progressive course to uraemia Ho observed only 
five complete rccovcncs in 145 cases Schwarz and Kohn (1936) found that 
eight out of 40 patients with pure nephrosis wore entirely recovered 16 years 
after the onset of the illness, but a further review five years later (Schwarz, 
Kohn, and Weiner, 1943) showed that four of the eight then showed hyper- 
tension and intermittent albuminuria 

In view of the conflicting findings as to the prognosis, the primary object 
of the w ork recorded in the present paper was to review the course of the 
oedematous syndrome in 29 patients and to determine, by clinical and bio- 
chemical investigation, the functional state of the kidneys in the survivors 

Methods 

Plasma proteins (Howe, 1921, modified by Hawk and Borgeim, 1938) 
Plasma-cholesterol (Bloor and ICnudson, 191G, 1917) 

Plasma non-protem nitrogen (Fohn and Wu, 1919) 

Blood urea (Archer and Robb, 1924) 

Urea olcaranco (Peters and Van Slyko, 1931) 

Fluctuations in oedema were gauged by daily weighing 

Gltntcal Observations 

In Table I are set out the more important ohnical and biochemical data 
on 29 cases of the oedematous syndrome at the time of their first examina- 
tion The Wassormann reaction was negative in every instance 

History As the onset of the illness was insidious in almost all the patients, 
the appearance of oedema was taken to mark the start of the disease This is 
admittedly fallacious (Ellis, 1942), and in my own expenence albuminuria was 
detected by chance in Case 27, six weeks before the appearance of oedema 
In 28 of the patients no previous history of Bright’s disease was obtained prior 
to the onset of the illness The remaining patient, Case 10, had had scarlet 
fever a year before the appearance of the oedematous syndrome Although 
there was slight albuminuria at the height of the fever, the physician m 
charge did not consider that nephritis was present Five of the 29 patients 
(17 per cent ) had an acute infection withm three weeks of the onset of 
oedema, four complammg of a cold or chill after a wettmg, and one of influ- 
enza None of the patients gave a history of headache, backache, or vomitmg 
at the time of the appearance of oedema 
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the oedematoijs syotjeome of nephritis 

stiU oedematous, two years after the onset Five patients who had no azot- 
aemia on admission to hospital are known to have developed nitrogen 
retention and four of them have died in nraemia (Cases 12, 19, 23, and 26). 

Hyptrcholesterdlaemia The plasma-cholesterol was estimated in 10 cases 
(Table I) and was well above normal in every instance 

SypopfotetTKieTTito All 29 patients at the tune of their admission to 
hospital showed ^ plasma-albumin, which 

Table II 

Hepatic Function in the Oedematous Syndrome 


Case 

Plasma-laevulose 
(after 60 gm by 
mouth) (mg per 
100 c c ) 

Cephalm 

Benzoic 
acid m 

4 hr m 
urme 

In plasma 

Albumin Globuhn 

(gm pet (gm per 

number 

4 hr 

Ihr 

flocculation 

(gm ) 

100 c 0 ) 

100 c 0 ) 

5 

116 

12 7 

Negative 

3 1 

2 25 

2 49 

7 

73 

73 

t* 

3 6 

1 56 

3 82 

H 

85 

SO 


34 

2 20 

1 80 

13 

91 

82 

tt 

33 

1 53 

2 56 

28 ^ 

10 2 

112 


30 

2 78 

20 

29 

10-8 

15 2 

ty 

35 

2 20 

1 0 


was mvanably less than 3 0 gm per 100 c c (Table I) In 23 patients it was 
less than 2 5 gm and m 11 less than 2 0 gm per 100 cc The plasma- 
globuhn was greater than 3 0 gm per 100 com seven cases The presence 
of infection could not be demonstrated at the time of these observations, and 
no explanation for this hyperglobuhnaemia is offered 

Hypoalbiimmaemxa in rdation to hepatic Junction Broadly speakmg, hypo- 
albuminaemia is believed to result from three causes, deficient mtake or 
defective absorption of mtrogen as seen in nutritional oedema or cachectic 
states, excessive loss of serum-albumm as m bums or prolonged albummuna, 
and defective synthesis as m cirrhosis of the hver Absorption of adequate 
protem cures the hypoalbummaemia of starvation withm a few weeks, but is 
without effect m the oedematous syndrome or cirrhosis of the liver, even if 
a positive nitrogen balance be mamtamed for a long period It has therefore 
been suggested (Loeb, 1941) that failure to synthesize plasma-albumm by 
patients with the oedematous syndrome may be due, m part at least, to a 
hepatic defect In an attempt to verify this hypothesis, the laevulose 
tolerance test (Reume, 1943), the cephalm cholesterol flocculation test 
(Hanger, 1939), and the hippunc acid synthesis test (Probstein and Londe, 
1940), were performed on six patients (Table II) 

The results obtamed gave no confirmation that hepatic dysfunction was 
present, smce laevulose tolerance and hippunc acid synthesis were not im- 
paired and the cephahn flocculation test was negative 

Course 

In Table Hi are summarized the results of a survey made on the 29 cases 
of the oedematous syndrome m the first six months of 1946 AH who are 
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A(/e Since 12 case*? M-oro seen at the Royal Hospital for Sick Children, 
where the ngo-limit for admission is 13 3 'onrs, and 10 at the Western In- 
firmary, ■where patients of all ages are taken, no inference can be drawn ns 
to ago distribution The ago of the patients ranged from four to 00 years at 
the time of the appearance of oedema, and seven were over 40 years of age 
Sex Twenty out of 29 patients (00 per cent ) were male 
Oedema Oedema ■was present in all patients at the time the observations 
in Table I ■wore made It ■was well marked and usually accompanied by 
ascites Persistence of oedema in spite of treatment was the rule It was 
present for si^^ months or more w ith seven exceptions Of these exceptions 
five died of uraemia or int-crcurront infection while still oedematous Two 
lost their oedema after three and five months respectively and now show 
normal blood chemistry' and renal function (Cases 5 and 11) 

Uypcrlenswn Hj^icrtcnsion of slight or moderate degree was considered 
to bo present in 14 patients (Cases 11 to 13, IG, 19 to 23, and 26 to 29), six 
of whom were seen in the first five weeks of thou* illness In all 14 hyper- 
tension persisted Eight haio died of uraemia, and in five the course of 
the disease is stationary or progressive One patient only has improved, 
18 months after the onset there is no oedema and the blood chemistry and 
renal function are normal, but there is still slight albiiminuna and the blood- 
pressure is 146/90 mm Hg 

Ilacmatvria Frank blood in the urine giving a positive guaiac reaction 
was observed m four patients w hen first seen (Table I), and red blood cells 
v\cre found on microscopio examination in a further 13 Of the four patients 
with frank hacmatuna, two died of uraemia withm a year and two are un- 
changed, having had oedema for eight and 13 months respectively Complete 
recovery has not been observed so far in any of the 13 patients who showed 
microscopic haematuria, whereas in the three patients in the series who now 
appear to be well haematuria was never detected Absence of haematuria, 
however, was not necessanlj' indicative of a good prognosis, since five patients 
without haematuria on admission developed it subsequently Two of these 
died of uraemia and one shows progressive impairment of renal function 


Laboratory Invesltgatwns 

Azotaemra As measured by a rise of the non-protem nitrogen of the blood 
above the normal upper hmit of 40 mg per 100 c c , azotaemia was present 
m eight out of 29 patients on admission to hospital (Table I) All but one 
were in the first five weeks of lUness In five azotaemia persisted till death 
in uraemia after an illness of less than a year In the remammg three 
patients an elevation of non-protein nitrogen was noted only at the time of 
the first observation, and normal results were obtained on numerous occasions 
subsequently Two of these (Cases 11 and 14), except for abnormality of the 
urine, are otherwise normal 13 months and six years respectively after the 
onset'of nephritis The third (Case 10) died of mterourrent mfeotion, while 
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the oedematohs syndrome of nephritis 

still oedematous, two years after the onset Five patients who had no azot- 
aemia on admission to hospital are known to have developed nitrogen 
retention and four of them have died in uraemia (Cases 12, 19, 23, and 25) 
Sypercliolesterolaemia The plasma-cholesterol was estimated in 10 cases 
(Table I) and was weU above normal in every instance 
Eypoproteinaemta All 29 patients at the time of their admission to 
hospital showed hypoproteinaemia dne to a fall in plasma-albumin, which 


Table II 

Hepatic Function in the Oedematoue Syndrome 


Case 

Plasma laevulose 
(after 60 gm. by 
mouth) (mg per 
100 0 0 ) 

Cephalm 

Benzoic 
acid in 
4hr m 
urme 

In plasma 

Albumin Globulm 

(gm per (gm per 

number 

i hr 

1 hr 

flocoulation 

(gm) 

100 CO ) 

lOOoc) 

5 

116 

12 7 

Negative 

3 1 

2 26 

2 49 

7 

7 3 

7 3 

ft 

36 

1 56 

3 82 

11 

86 

80 

ft 

34 

2 20 

180 

13 

91 

82 

ft 

33 

1 63 

2 60 

28 

10 2 

112 

ft 

30 

2 78 

20 

29 

10 8 

16 2 

ft 

36 

2 20 

1 0 


was mvanably less than 3 0 gm per 100 o o (Table I) In 23 patients it was 
less than 2 5 gm and in 11 less than 2 0 gm per 100 c o Fhe plasma- 
globuhn was greater than 3 0 gm per 100 o c m seven oases The prestoce 
of infection could not be demonstrated at the time of these observations, and 
no enqplanation for this hyperglobulmaemia is offered 

Hypoalbumtnaemia in relahon to hepatic function Broadly speakmg, hypo- 
albummaemia is beheved to result from three causes, deficient intake or 
defective absorption of nitrogen as seen in nutritional oedema or cachectic 
states, excessive loss of serum-albumm as m bums or prolonged albummuna, 
and defective synthesis as m cirrhosis of the liver Absorption of adequate 
protem cures the hypoalbummaemia of starvation within a few weeks, but is 
without effect m the oedematous syndrome or cirrhosis of the liver, even if 
a positive mtrogen balance be maintamed for a long period It has therefore 
been suggested (Loeb, 1941) that failure to synthesize plasma-albumin by 
patients with the oedematous syndrome may be due, in part at least, to a 
hepatic defect In an attempt to verify this hypothesis, the laevulose 
tolerance test (Rennie, 1943), the cephahn cholesterol flocculation test 
(Hanger, 1939), and the hippunc acid synthesis test (Probstem and Londe, 
1940), were performed on six patients (Table II) 

The results obtained gave no confirmation that hepatic dysfunction was 
present, since laevulose tolerance and hippunc acid synthesis were not im- 
paired and the cephahn flocculation test was negative 

Course 

In Table HI are summarized the results of a survey made on the 29 oases 
of the oedematous syndrome in the first six months of 1946 All who are 
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still nlivo have boon interviewed and examined Inquiries into the cause of 
death were made in seven instances when it had ocourrod in the patient’s 
homo or in another hospital 

Death from 'uraemia Death from this cause was the most frequent m the 
senes, occurring in 12 patients from four months to six years after the 
apponrnneo of oedema Oedema, accompanied by hypoalbuminaemia, was 
observed to persist until death in seven, but in two (Cases 23 and 24) it 


Table III 



Fate of 29 Patients with the Oedcmatoiis Syndrome * 


Years 

since 

onset 

Died of 
uraemia 

Died of 
intorcurrent 
infection 

Recovery 

Much 

improved 

Improved 

Unchanged 
or worse 

1 

C 

0 




1 

1 

1 to 2 

4 

1 



1 

2 

2 3 

— 

— 

— 


1 


3 „ 4 

1 

— 

— 

— 

— 

1 

4 „ G 

— 

— 

— 

— 




G „ 0 

o 

— 

— 

1 

— 

1 

0 „ 7 

— 

— 

1 





2 ,. 1C 

— 

— 

2 

1 

— 

— 

Totals 

12 

3 

3 

2 

3 

6 


• One patient not aliown in tho tnblo died suddenly after intravenous injeetion of 
a mercurial diuretic (Ronnie, 19-15) 

Rocoverj’ - No nbnormnlitj detected 

JIuch unproved ■» Faint trace of albumm m unno, no casts or red blood cells 
ImproMjd - Albuminuna with red blood cells and casts 

Unchanged or worse " Albuminuna, 5.c , abnormal blood chemistry, hypertension, 
oedema 

disappeared and tho plnsma-albumm returned to normal limits after six and 
seven months respectively A boy of nine years (Case 23) hved for 30 months 
longer, and during tho major part of this time the blood-urea was never less 
than 80 mg per 100 c c Eleven months before death his appendix required 
to be removed and this was done without incident, although his blood-urea 
at tho time was 115 mg per 100 cc Death in the remammg three cases 
took place at home or in another hospital, but from information supphed by 
tho doctors m attendance it is reasonably certain that the cause was uraemia 
Oedema was present at death in all three 

Death due to vitercurrcnt tufeclion Death from this cause was observed on 
three occasions Case 6 died of cellulitis of the leg, which gave nse to septic- 
aemia, and Cases 2 and 10 of pneumococcal peritonitis 

liecovery Three patients (Cases 3, 4, and 8) appear to have recovered 
completely (Table IV) None showed oedema, tho unne was clear, and the 
blood-pressure, urea clearance, and plasma-albumm were within normal 
limits The plasma-cholesterol was shghtly above normal in Cases 3 and 4 
Case 3, a boy of nine years, showed oedema from September 1938 to the 
end of 1940 From that time he was seen at mtervala of six months, and 
albuminuria was observed to become progressively less and disappear at the 
end of 1946 In 1946 he was passed grade Al by a Recrmtmg Medical 
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Board, but was discharged from the Army oa my representation to the 
authorities Case 4, a girl aged nme years, was oedematous for eight months 
m 1933 She was not seen agam until 1946, when it was learned that she 
had returned to school in 1936 and had worked regularly smce leaving at 
14 years She had married m June 1946 Case 8, a girl of seven years, was 
oedematous from September 1930 till November 1932 Thereafter albu- 
mmuna persisted for seven months tdl May 1933 At that tune the blood 


Tabite IV 


Recovery from the Oedematous Syndrome 

Case 3 Case 4 


Oedema 

Albrnmnuns 

Haematuna 

Systobc blood-pressure (m m Hg) 

Plasma albumin (gm per 100 o c ) 
Plasma-cholesterol (mg per 100 c o ) 
Plasma non-protem mtrogen (mg per 100 c o 
Urea clearance (per cent of normal) 

Water concentration test (specific gravity) 


Case 8 


1938 

1946 

1933 

1946 

1930 

1946 

+4-1- 

0 

■H+- 

0 

-t-H- 

0 

-t-H- 

0 

+++ 

0 

■+++ 

0 

0 

0 

0 

0 

0 

0 

100 

128 

90 

120 

108 

130 

2 21 

4 94 

2 06 

4 73 

2 46 

4 66 

686 

274 

— 

260 

— 

219 

25 2 

29 0 

31 3 

29 S 

27 2 

27 0 

94 

108 

— 

101 

— 

101 

— 

1028 

— 

— 

— 

1026 


Table V 

Present Slate of Patients Much Improved 


Case number 

14 

18 

Oedema 

0 

0 

Albummuna 

Very famt trace 

Very famt trace 

Haematuna 

0 

0 

Systobc blood-pressure (mm Hg) 

116 

122 

Plasma-albumm (gm per 100 o C ) 

4 39 

6 18 

Plasma-cholesterol (mg per 100 o c ) 

242 

273 

Plasma non-protem nitrogen (mg per 100 c e ) 33 

31 

Urea clearance (per cent of normal) 

116 

77 

Duration (years) 

6 

14 


chemistry was normal and the systobc blood-pressure 120 mm Hg This 
patient has also been at work regularly 

Much improved Two patients (Cases 14 and 18 m Table I) when re- 
exammed six and 14 years respectively after the onset of the disease showed 
a very famt trace of albumm m the unne (Table V) Red blood cells were 
not seen The urea clearance and blood-pressure were normal With the 
exception of a sbghtly mcreased plasma-cholesterol m Case 18, blood chemistry 
was also normal Case 14, a boy of 13 years, when first seen m 1940 had had 
oedema for 11 months Durmg the foUowmg five years he was well save for 
albummuna which became a trace m 1946 In 1946 he was passed fit for 
mihtary service overseas, but on representation to the authorities he was 
released from the service Case 18, a girl of 11 years first seen m 1932, was 
oedematous for 18 months In 1934 there was no oedema, but albummuria 
was considerable and a few red blood cells were present in the urme She 
returned to school m the same year, and worked regularly m a munition 
factory throughout the war Both patients had haematuna when first seen. 



28 


QUARTERLY JOURNAL OF iVIEDICINE 

and Cnso 14 also showed slight ayotnomin once, on admission, but as in the 
previous group who appear to have recovered, hypertension was never 
detected 

Improved Three patients (Cases G, 7, and 11 m Table I) who have been 
under continuous observation for shorter periods than those in the two fore- 
going groups, had no oedema but showed moderate albuminuria and scanty 
cast-s (Table VI) Two had, in addition, microscopic haematuria, Case 7 had 


Table VI 


Present State of Patients Improved 
Case number 5 

7 

11 

Oedema 

0 

0 

0 

Albuminunn 

Trace 

+ 

Trace 

llaomutuna 

Jlicroscopio 

0 

Microscopic 

Si stolic blood pressure (mm Hp) 

no 

118 

146 

Plasma albumin (pm per 100 c c ) 

A 80 

3 85 

4 48 

Plnsma-oliolostorol (mp per 100 c c ) 



130 

142 

Plasma non-protem mtropon (mg per 100 o o ) 

20 

20 

37 

Urea cloarnnco (per cent of normal) 

73 

124 

76 

Duration (jears) 

2 

1 

2 


Table VII 


Present Stale of Patients Uncliangcd or Worse 


Cnso number 

13 

20 

27 

28 

20 

Oedema 

+ 

0 

0 

4-H- 

-W- 

Albuminuria 

-H-f 

-H- 

-H- 

+++ 

+++ 

Haorantuna 

Micro- 

Mioro- 

Micro- 

+ 

-i- 


soopio 

Ecopic 

scopic 



Sjstobo blood pressure (mm Hg) 

100 

176 

210 

166 

160 

Plasma albumin (gm per 100 c c ) 

2 44 

3 63 

3 01 

2 60 

2 29 

Plasma cholesterol (mg per 100 c c ) 

410 

228 

250 

342 

333 

Plasma non-protem nitrogen (mg per 100 c 

o ) 26 

35 

30 

61 0 

26 

Urea clcnranco (per cent of normal) 

05 

68 

60 

43 

60 

Duration (joars) 

O 

6 

4 

2 

1 


slight hypoalbuminaemia, and Case 11 slight hypertension None showed 
azotaemia, and all had normal urea clcaranees and blood-pressures On 
admission Cases 6 and 7 fell into the category of pure nephrosis, but sub- 
sequently developed haematuria Case 11 showed haematuria on admission 
and also slight azotaemia and hyTiertension 

Unchanged or worse In this category are placed five patients (Table VII) 
whose condition is stationary (Cases 13, 28, and 29) or who have deteriorated 
(Cases 20 and 27) At the time of the last examination all showed hyper- 
tension, haematuria, and gross albuminuria All had a plasma-albumin 
level below 4 0 gm per 100 cc, associated, when below 3 0 gm per 
100 cc, with oedema and hypercholesterolaemia The urea clearance was 
below normal in four patients and at the lower limit of normal in the 
fifth Cases 13, 28, and 29, during the short period of observation, have 
shown little change Cases 26 and 27 have deteriorated Although oedema 
has disappeared and the plasma-albumin has tended to rise, the urea 
clearance has dimmished and hypertension has increased (compare with 
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Table I) When first seen all these patients bad bypertension which has 
persisted or increased 


Diacusston 

Nine ont of 29 patients when first seen (five within two weeks of the 
appearance of oedema) showed the clinioal syndrome to which the term pure 
nephrosis has been given The Bubsec[uent appearance of haematuna in two 
and the death m uraemia of a third is m agreement with the findings of 
others that the diagnosis of pure nephrosis frequently requires revision 
Nevertheless, the only examples of what appear to be complete cures m the 
senes of 29 patients were observed in three who had never shown hyper- 
tension, haematuna, or azotaemia In the bght of the report of Schwarz, 
Kohn, and Werner (1943) that albuminuna recurred and hypertension 
appeared five years after apparent recovery from pure nephrosis and 20 years 
from the begmnmg of the illness, it may well be that the period of observa- 
tion in the patients reported m the present paper is too diort to justify the 
opmion that permanent cure is estabbshed It is fair to conclude tbat even 
if renal failure is eventually to occur m all patients with the oedematous 
syndrome, the process is very much slower in those whose climoal picture is 
imtially that of pure nephrosis 

With regard to the significance of individual manifestations, azotaemia, if 
persistent, heralded the early appearance of uraemia The best early mdica- 
tion of a progressive renal lesion, however, was hypertension Of 14 patients 
who showed an elevation of blood-pressure when first examined (eight m the 
first eight weeks of their illness) eight died m uraemia and only one of the 
rest has improved In no smgle one did the blood-pressure return to normal 
On the other hand, of the 16 patients who showed no hypertension when 
first exammed (10 m the first eight weeks of their illness) only four have died 
of uraemia and seven are well or improved. Four died of intercurrent m- 
cidents Elhs (1942) found that when blood-pressure was very high imtiaUy, 
renal failure followed rapidly, but if the hypertension was shght or moderate 
the blood-pressure sometimes returned to normal for a time and the disease 
ran a more chrome course In the present senes of cases a shght degree of 
hjpertension proved to be ommous even m the absence of azotaemia or 
haematuna 

It IS well recognized that mtercurrent mfeotion is a frequent and often 
fatal comphcation of the oedematous syndrome In the present senes of 
29 oases two patients died of pneumococcal peritomtis and one of septicaemia 
arising from celluhtis of an oedematous leg A fairly high proportion of the 
deaths was therefore due to mtercurrent infection On the other hand, it 
has been recorded by Aldnch (1926), Gautier (1933), and others that mter- 
ourrent infection may be followed by great improvement or even cure 
Fishberg (1939) stated that the improvement as a rule is limited to the 
temporary disappearance of oedema Intercurrent attacks of paratyphoid 
fever, measles, and chickenpox respectively had no effect, one way or the 



30 


QUARTERLY JOURNAL OP MEDICINE 


other, upon the course of the disea'^o in llircc of my patients A fourth 
developed pneumonia uhich was complicated by empyema Oedema at the 
same time disappeared, but albuminuria continued unchanged, and some 
wcclvS after rct^ection of a nb oedema returned. This was one of the two 
patients who died of pneumococcal peritonitis, which developed four months 
after the cmp 5 'cmn In the present senes of cases intcrcurrent infection did 
not have a favourable cficot upon the disease 

Summary 

1 The pathogenesis of the syndrome of Bright’s disease characterized by 
protracted oedema and albuminuria is briefly discussed 

2 Twcnty-nino patients with this syrndrome have been observed durmg 
the past 10 years In none was a history of acute nephritis obtained 

3 The clinical and biochemical changes on admission to hospital arc 
described 

4 In 1040, 13 patients were alive Three appeared to be well m every 
respect seven, 13, and 16 ymars from the appeamneo of oedema, and two, six 
and 14 ymars afterwards, showed a very faint trace of albumin m the unne 
ns the solo abnormality' Three patients, although free of oedema, showed 
more marked albummuna and microscopic hncmaturia Of the remaming 
Gvo, three were still oedematous and two, although free of oedema, were 
showing increasing hypertension 

5 Sixteen patients had died, 12 of uraemia, three of intercurrent m- 
feotion, and one after an intravenous injection of a mercurial diuretic 

0 All three recoveries wore noted in patients in whom hy'pertension, 
nzotaemia, and haomatiina were not observed 

7, Hypertension was the best early mdication of a progressive lesion Out 
of 14 patients wnth hypertension when first seen, eight died of uraemia and 
only one of the remainder improved 
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other, upon tlio course of the disenso m three of my patients A fourth 
developed pneumonia which u ns complicated by empyema Oedema at the 
same time disappeared, but albuminuria continued unchanged, and some 
weeks after resection of a nb oedema returned This was one of the two 
patients who died of pneumococcal peritonitis, which developed four months 
after the einpj cma In the present senes of cases intcrcurrent infection did 
not have a favourable effect upon the disease 

Summary 

1 The pathogenesis of the s3mdromc of Bright’s disease charactenzed by 
protracted oedema and albuminuria is briefly discussed ' 

2 Twenty -nine patients with this sjuidronie have been observed during 
the past IG j'cars In none was a historj' of acute nephritis obtained 

3 The clinical and biochemical changes on admission to hospital are 
described 

4 In 104G, 13 patients were alive Three appeared to be well in every 
respect seven, 13, and 1C j’cars from the appearance of oedema, and two, six 
and 14 j’cars afterwards, showed a very faint trace of albumin in the unne 
ns the solo abnormnlit}' Three patients, although free of oedema, showed 
more marked albuminuria and microscopio haematuna Of the remammg 
five, three were still oedoraatous and two, although free of oedema, were 
showing increasing hypertension 

5 Sixteen patients had died, 12 of uraemia, three of intercurrent in- 
fection, and one after an intravenous injection of a mercurial diuretic 

G All three recoveries were noted in patients m whom hypertension, 
azotncmin, and hncmntiina were not observed 

7 Hjpertcnsion was the best early mdication of a progressive lesion Out 
of 14 patients w'lth hj'pcrtension when first seen, eight died of uraemia and 
only one of the remainder improved 
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OSTEOMALACIA WITH LOOSER’S NODES (MILMAN’S 
SYNDROME) DUE TO A RAISED RESISTANCE 
TO VITAMIN D ACQUIRED ABOUT THE 
AGE OF 15 YEARS ^ 

By R A MoCANCE 

(From tlie Department of Experimental Medicine, Cambridge) 

With Plates 1 to 4 

Theee are many aspects of calcium metabobsm and vitamin D activity 
wbich are still undescnbed, much less understood Tbe purpose of the 
present article is to give an account of the investigation and cure of an 
unusual abnormabty of metabolism, to discuss tbe findings witb reference to 
the hterature, and finally to draw attention to an unrecognized feature of 
vitamin D metabolism which must be taken into account m any complete 
description of its activity 


Cast Report 

D L was bom m 1922 and ie( the daughter of healthy parents She has 
one sister, who is healthy Her birth and mfanoy were normal, and at school 
she distmguiahed herseK at both games and athletics and won the school 
high jump when she was 14 During her 15th year she noticed that her left 
ankle was weak and that m consequence she was limping a httle, but this 
did not prevent her obtaming a post as a shorthand typist when she was i6f 
Durmg the next year people began to remark on her gait and she became so 
weak that she had difficulty m gettmg up from an armchair In 1939, when 
she was 17, she was admitted to Maida Vale Hospital for Nervous Diseases 
At that time she was described as having a roUmg gait, but walkmg had 
become extremely painful and almost impossible Her muscles, moreover, 
had become very weak, and at times she could scarcely raise her head and 
shoulders from the bed An X-ray photograph of her lumbar and sacral 
region was taken at this tune and was passed as normal, but, lookmg at it m 
the light of subsequent photographs, it is easy to see that bony changes were 
already qmte advanced (Plate 1 , Fig la) A diagnosis of primary muscular 
dystrophy was made on the clinical findmgs and the creatme creatinine 
ratio m the urme (Table I), and the girl was treated with physiotherapy and 
large doses of glyome She appeared to have improved sbghtly by the tune 
she was discharged 

In the next two years her weakness and pam became worse, and in 1941, 
at the age of 18|^ years, she was admitted to the Royal National Orthopaedic 
Hospital, where a double diagnosis was entertamed She was described as 
havmg a myopathy leading to extreme muscular weakness without muscular 

^ Received October 7, 1946 
[QJII New Series Ko 01] D 
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had become very weak, and at times she could scarcely raise her head and 
shoulders from the bed An X-ray photograph of her lumbar and sacral 
region was taken at this time and was passed as normal, but, looking at it m 
the hght of subsequent photographs, it is easy to see that bony changes were 
already qmte advanced (Plate 1, Pig la) A diagnosis of primary muscular 
dystrophy was made on the climcal findmgs and the creatme creatmine 
ratio m the urme (Table I), and the girl was treated with physiotherapy and 
large doses of glycme She appeared to have improved shghtly by the time 
she was discharged 

In the next two years her weakness and pain became worse, and in 1941, 
at the age of 18^ years, she was admitted to the Royal National Orthopaedic 
Hospital, where a double diagnosis was entertamed She was described as 
havmg a myopathy leadmg to extreme muscular weakness without muscular 

^ Received October 7, 1946 
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wasting and a condition resembling osteomalacia with advanced decaloifica- 
tion of tlio skeleton and deformities of her pelvis Her scmm-pliosphoms 
was low and sorum-calemm normal (Table I) Her red eells numbered 
4,600,000 per c ram , her haemoglobin was 00 per cent , and her colour-index 
1 0 Her Wassormann reaction uas negative She is stated to have shown 
a positive Chvostek’s sign, but, in view of her normal senim-caloium and the 
failure of subsequent investigators to clieit tins sign, this may not have been 
correet 

Slio was next admitted to the Sliddlcsex Hospital Further tests of her 
serum chemistry were made (Table 1), and the X-ray photographs which 
wore taken demonstrated still further dccalcification, with spontaneous 
fractures in one ulna and the pelvic bones, and extreme coxa vara An 
unusual bony defect was also detected m the right femur (Plate 3, Fig 2) 
Her skull was said to ho normal Her chief complaint at that time was of 
pain in her bones Early in 1042 she was transferred for a time to the Stoke 
^landcville Emergency Hospital, where she was treated with a high vitamm 
diet, calcium, sunlight, and ph 3 'siothcrapy She progressed favourably, and 
in time was able to walk According to the patient herself, she was at first 
given 15 capsules of halibut liver oil dailj', but this was gradually reduced 
to three capsules daily before she was discharged Each capsule probably 
contained something of the order of 600 i u of vitamin D, so that this dose 
would have, or might have, been about 7,600 units daily at the beginnmg 
and 1,600 units daily at the end However, as X-rays still revealed very 
extensive dccalcification, it was not considered advisable to allow her to be 
up and about During this period small quantities of some reduomg sub- 
stance were noticed in the urine from time to time A number of investiga- 
tions were carried out in 1942-3 Her plasma-bicarbonate ranged from 66 
to 71 volumes per 100 c c A fractional test meal revealed free hydrochlonc 
acid and no abnormality On May 8, 1943, her blood-sugar was 80 mg per 
100 cc fasting, and 130, 130, and 105 mg per 100 c,c 4, 1, and li hours 
after 60 gm of glucose No sugar was detected in the urine durmg this test 
A dried sample of her faeces was found to contain 16 7 gm of fat per 
100 gm Her blood-urea was 20 mg per 100 c c and her Wassermaun 
reaction again found to bo negative Her parathyroids were explored with 
a completely negative result and she was finally diagnosed as a case of 
Fanconi’s syndrome 

After a period of treatment as an out-patient at the Middlesex Hospital 
she was admitted to the Royal Hospital, Wolverhampton, in August 1944 
Exammation there revealed a rickety rosary, some anterior bowmg of the 
sternum, a severe kyphosis with angulation at the level of D 6, and lordosis 
in the lumbar region with tenderness over the spme of L6 There was a 
largo hard lump about 12 cm long arismg from the distal third of the shaft 
of the right femur, and overlying the bony defect (Plate 3, Fig 2) X-rays 
showed a generabised dccalcification with multiple symmetrical pseudo- 
fractures (Plates 1, 3, and 4, Figs Ih, 3fl, and 4a) She was treated with 
calcium lactate, syrup of calcium lactophosphate, and 2,000 1 u of vitamin D 
daily, and after a time improved enough to be able to hobble about with 
crutches and an abdommal support Her serum chemistry was essentially 
unchanged and is shown in Table I 

Studies at Cambridge On May 28, 1 946, she was admitted to Addenbrooke’s 
Hospital The ohnical and radiological findmga which have just been described 
were corroborated and no significant changes were detected in her serum 
chemistry (Table I) No sugar, however, was found m her unne She was 
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given a full hospital diet and exactly one pint of milk a day, and after a 
preliminary period of about 10 days her intake and output of calcium were 
measured over a period of seven days McCanco and Widdowson (1942) have 
described the full technical procedure by which this and the subsequent tests 
were made The girl was found to bo in negative calcium balance and nega- 
tive phosphorus balance (Table II) There was in fact somewhat more 
calcium in her faeces than there had been in her food, so that she was 
evidently absorbing oven less calcium than her intestinal secretions contained 
A number of diagnoses were considered She had been admitted with the 
diagnosis of Pancom’s (1930) syndrome, which is characterircd by generalized 
dccalcification, a low serum-phosphorus, renal glycosuria, and sometimes 
cystinuria (McCunc, Mason, and Clarke, 1943) The essential lesion seems to 
bo a failure of the renal tuhulcs to reabsorb phosphates It was thought 
unlikcty that the girl was suffering from this metabolic abnormahty because 
it had not shown itself till sho was 16, and also because in 1945 she certainly 
had no renal glj cosuria Her multiple spontaneous idiopathic symmetneal 
pscudbfracturcs were clearly the bony lesions described by Promme (1919), 
Looser (1920 0, b), Milkman (1930, 1934), and many others (hLchaelis, 1932, 
Debray, Tliomann, and Gircaux, 1933 , dall’ Acqua, Levi, and Bordoli, 1936 , 
Garcin, Lcgrand, and Bernard, 1937, Lcedham-Green and Golding, 1937, 
Roger and Huguct, 1938 , Monicr-Vinard, 1940), but it is now clear (Camp 
and McCullough, 1941 , Lafitto and Gros, 1942) that these appearances are 
not characteristic of any one disease, so they scarcely constitute a diagnosis 
Her healthy upbringing and her dietary historj" excluded any question of 
osteomalacia duo to liunger or malnutrition, but the levels of phosphorus and 
calcium found with such regularity in her scrum (Table I) resembled those 
found m rickets, particularly resident rickets, and suggested a vitamm D 
deficiencj It could, however, clearly be no ordinary deficiency, for sho had 
been treated quite generously with vitamm D at two institutions without 
convincing benefit, and when she came to Cambridge she had been well 
pigmented from sunlight, natural and artificial It was accordingly decided 
to treat the girl ns a cose of resistant rickets might have been treated and 
to give her very largo doses of vitamm D It was also decided to remove a 
small portion of bone from the upper end of the left humerus where the 
radiological appearances were highly abnormal, and to explore, and, if possible, 
to excise, the tumour from the lower third of the right femur The operation 
was performed by Mr Pisk A five-inch incision was made over the medial 
aspect of the leg over the swellmg The muscles were divided and the tumour 
exposed The penostoum was found to be loosely attached The tumour was 
pale and rubbery and could be cut like cheese The edge was well defined 
The whole tumour was enucleated, leaving about half the thickness of the 
femur, the cortex of which was very thin The pathologist’s report on this 
tumour will be considered later 

Vitamm Dj, 600,000 i u per diem m araohis oil, was prescribed on June 16, 
1946, and no dramatic changes were detected m the firat fortnight, but when 
the girl’s calcium balance was redotormmed from July 3 to 9, it was found 
that her output of calcium and phosphorus had fundamentally changed The 
faecal calcium was now scarcely more than one-tenth of what it had been 
before, and, although her urinary calcium had risen, the total mtake now 
greatly exceeded the output These changes (Table 11) are oharaotenstioally 
those produced by vitamin D, and it was evident that the outlook for the 
girl WM now reasonably good She began to go off her food about July 20 
and it was thought that she might be suffering from an overdose of vitamm D, 
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BO this treatment was discontinued on the 27th, by which time she had 
received 21 milhon units X-ray photographs taken m October 1946 (Plates 2, 
3, and 4, Figs 1 c, 3 6, and 4 b) showed considerable recaloification and callus 
formation at the site of the pseudofractures (Edeiken and Schneeberg, 1943), 
and further balances in October and December 1945 and in March 1946 
showed steady recaloification at the rate of about 6 gm of calcium weekly 
The figures are given in Table II By March 1946 the radiological appear- 
ances of many of the bones had become almost normal (Plates 2, 3, and 4, 
Eigs 1 d, 3 c, and 4 c) 

Apart from their value as a guide to treatment there am pomts of con- 
siderable mterest about the balances shown in Table II If in the first place 

Table n 

Besults of Seven-day Balance Periods, 1945-6 


Out 


Date 


Total m 

Urme 

.. 

Faeces 

Balance 
-t- or — 

June 3-9, 1946 

Calcium 

7,600 

291 

8,050 

—741 

Magnesium 

1,600 

643 

1,165 

-198 


Phosphorus 

8,860 

4,950 

3,960 

-40 

July 3-9, 1945 

Calcium 

6,660 

1,110 

842 

+ 4,708 

Magnesium 

1,600 

785 

620 

+ 96 


Phosphorus 

7,980 

4,486 

900 

+ 2,616 
+ 6,621 

October 13-19, 1946 

Calcium 

6,620 

99 

900 


Magnesium 

1,452 

491 

661 

+ 300 


Phosphorus 

7,640 

3,760 

606 

+ 3,284 

December 7-13, 1946 

Calcium 

8,000 

144 

1,130 

+ 6,726 


Magnesium 

1,430 

420 

616 

+ 394 


Phosphorus 

8,900 

4,460 

995 

+ 3,465 

Marob 20-26, 1946 

Calcium 

7,170 

308 

2,390 

+ 4,382 


Magnesium 

2,370 

710 

1,040 

+ 620 


Phosphorus 

9,160 

4,660 

1,720 

+ 2,790 


Tables I and II are compared, it will be seen that after May 1946 there was 
a rise in the morganic phosphorus of the serum from 2 1 to 6 1 mg per 
100 c c and that it remamed above 4 mg per 100 c o for the rest of the 
year Yet less phosphorus was excreted in the urme in July, October, and 
December than had been m May This clearly mdicates a change in the 
phosphate threshold of the kidney This was presumably caused by the 
vitamin D (Harrison and Harrison, 1941), and suggests that Eanconi’s 
disease might be treated successfully by large doses of vitamin D In the 
second place treatment led to considerable retention not only of calcium 
and phosphorus, but also of magnesium This is not altogether surprising, for 
most of the magnesium m the body is in the bones, but it is an interestmg 
sidelight on the action of vitamm D There is a third pomt Treatment did 
not significantly alter the creatine creatmme ratio in the urme Hence the 
ratio was misleading as diagnostic evidence in the early stages of the disease, 
and it IS mterestmg furthermore that it was not changed by the great 
recovery which submquently took place m her muscular strength 

Symptomatic recovery accompamed the chemical and radiological im- 
provements In the summer of 1945 walking had been a very great effort 
to the patient, particularly m the early mormng, and she had never felt 
safe on her feet She could not stand alone to dress herself By December 
she could walk with confidence, although she still required a crutch, and she 
was able to stand without support Dressing had become easy and she could 
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bond down to pick things up from tbo floor In July it had been a hard 
struggle for her to nso from n chair and sho could do so only by employing 
her arms as well as her logs, and by exerting all her strength So difiioulC 
indeed, did she find the process of getting on to her feet that once standing’ 
sho dreaded having to sit down anywhere for a short time She had to be 
lifted from her bath to a sitting position on the edge and then allow her legs 
to bo suTing over from the water to tho mat By December gettmg herself 
on to her feet had bccomo a comparatively easy matter, and she thought 
littlo of it Sho could got out of her bath w ithout assistance, although she 
still found this rather a struggle Best of all perhaps, by December she had 
lost all her pain After seven years life had once more become pleasurable 
Progress continued without interruption during the sprmg of 1940 and by 
Juno tho girl uas catching buses and looking for lodgmgs preparatory to 
finding hcrsolf some worlc There is one more point of interest about the 
treatment of this patient She weighed 7 st 0 lb on admission and in spite 
of tho great clinical and radiological improvements which took place be- 
tween May 1945 and the spring of 1940, her weight remained about the 
same. 


DesenpUon by Dr A M Barrett of specimens of bone removed at operation 

(Dep Path 45 404) 

Macroscopic 

Femvr Four pieces which could be fitted together to form an irregular 
slice (17 cm x up to 3 cm ) from tho shaft of tho femur The whole specimen 
was sufficiently flexible to bo bent and tho greater part consisted of a tumonr- 
liko mass (16 x 3 x 3 cm approximately) which had the consistency of carti- 
lage and could easily bo cut with tho knife Its uniformly white outer 
surface, bulging somewhat, but apparently covered by penosteum, was beset 
with many small nodular protrubcranccs (0 1 to 0 2 cm in diameter) To- 
wards one end (tho lower end according to information sent with the 
specimen) tho bulgmg ceased abruptly at a diagonal Ime below which the 
outer surface was smooth and oven, like that of a normal femur , towards 
tho other end tho transition to normal was gradual On the out surface 
tho mass was seen to encroach upon tho medullary cavity more than it 
bulged beneath tho periosteum In the lower two-thirds its out surface was 
greyish -white, smooth, and uniform, except for an ill-defined yellowish 
meshwork, gritty to tho knife, about the middle , in the upper one-third it 
was greyer and more granular and showed channels apparently contaimng 
red marrow The appearance of this upper part suggested that the mass 
might have arisen by the fusion of greatly thickened trabeculae The borders 
of tho mass, though fairly sharp, also showed evidence of a transition to 
bono Even m the most normal part of the specimen the structure of the 
bone was decidedly abnormal A corticalis was recognizable only at the 
upper end, and here it was excessively thin (about 0 1 cm ) At the lower 
end, although the outer surface was relatively normal, the cut surface 
showed no corticahs, but only a spongy mass of rarefied cancellous bone 
The marrow everywhere was mamly yellow, with here and there a httle red, 
and m it were embedded rather coarse soft greyish trabeculae 

Humerus One small piece of bone (1 6x06x06 cm) havmg a concave 
periosteal surface overlying a thin cortacahs (about 0 1 cm thick) The rest 
of the specimen consisted of dense canceUous bone with enlarged fused 
greyish trabeculae enolosmg islands of red marrow 
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Macroscopic 

CeUoidin sections were prepared from material fixed m formol-salme and 
decalcified mcompletely in Muller’s fluid for about six montbs These 
sections were stained by Delafield’s haematoxylm and eosm, Schmorl’s 
thionin-phospbotungstio acid, Schmorl’s picro-thiomn, von Kossa’s method 
for calcium, and Macfarlane’s picro-Mallory stam Paraffin sections of 
material fixed in formal-salme or merouno chloride-formaldehyde and de- 
calcified by Custer’s method were stamed by Ehrhch’s haematoxylm and 
eosm, Weigert’s iron haematoxylm and van Gieson’s stam, and Macfarlane’s 
picro-Mallory stam 

Femur Sections of the tumour showed it to consist of close-set rounded 
and cyhndncal hyahne masses separated by clefts of variable size The 
hyahne masses stamed imiformly pink with haematoxylm and eosm, but 
when stamed by picro-MaUory they were deep blue and were seen to have 
a dehcate fibrous structure With van Gieson’s stam they were orange-red 
These hyahne masses mostly bore little resemblance to bone, but never- 
theless every transition stage could be found between them and perfect 
lamellar hone Scattered throughout the tumour there were areas (Plate 4, 
Fig 6, bottom left) which had the structure of lamellar bone but were not 
calcified, that is, they were osteoid Some such areas were sharply outhned 
and these were usually devoid of nuclei, m others, usually surrou n d i ng 
blood-vessels, the lammation gradually faded and disappeared as the distance 
from the blood-vessel mcreased In these latter areas bone-ceUs were usually 
present, though scanty and imperfectly formed Except for very few small 
areas (Plate 4, Fig 6, below the centre) there was no calcification within the 
tumour, but the transition from osteoid to bone could be seen at its borders 
The hyahne masses were mvested by a layer of flattened, or occasionally 
almost cubical, cells reminiscent of osteoblasts Some of the clefts be- 
tween the hyahne masses were empty, others were filled with vascular, 
rather cellular, fibrous tissue often contaming giant cells which closely 
resembled osteoclasts The fibrous tissue resembled the fibrous marrow seen 
m rickets and various other bone disorders Takmg everythmg mto con- 
sideration, I am convmced that the tumour consisted of degenerate osteoid 
tissue and was not truly neoplastic The bone of the femur apart from the 
tumour showed a great excess of uncalcified osteoid tissue which was irre- 
gularly distributed Some trabeculae were completely devoid of calcification 
and others were partly calcified, but it was not merely a question of abnor- 
mally wide osteoid seams surrounding cores of calcified bone , the margms of 
the calcified areas paid no regard to the lammations of the bone, often 
cutting across them at nght angles The flattened appearance of the osteo- 
blasts around the borders of the trabeculae suggested that apposition was at 
most only moderately active , osteoclasts m Howship’s lacunae were present 
but infrequent, and the trabeculae were embedded in marrow which was 
a mixture of fat and normal haemopoietic tissue 

Humerus As m the femur, osteoid tissue was present in greatly excessive 
amounts (Plate 4, Fig 6) Both apposition and resorbtion appeared rather 
more active than m the femur , some trabeculae were surrounded by large 
irregularly-cubical osteoblasts and others were bemg attacked by numerous 
osteoclasts The corticahs proper (Plate 4, Fig 6, right) was abnormally 
narrow, but was nowhere mterrupted, and the tissue underlying it was much 
more compact than usual, constitutmg m effect an accessory corticahs, 
though its ngidity must have been much impaired by the large amounts of 
osteoid which it contamed One area (Plate 4, Fig 6, top right) had an 
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appcnrnnco vor}’’ like that of normal callus and Mns well calcified This may 
have been a result of the ^^tamln treatment which uas begim before the 
Bpccimons u ere obtained 

Couchisions 

Tlic histological changes are those of osteomalacia, with a tumour-hke 
moss of degenerate osteoid tissue in the femur Excess of osteoid tissue is 
a constant feature of osteomalacia, but I think that tumour-likc masses such 
ns this are exceptional 


Discussion 

The dtaffiiosis \^Tion hlilkman (1934) published his case of multiple spon- 
taneous idiopathic symmetrical fractures ho considered that he was deahng 
with an undescribcd condition of unknown but specific aetiology In the 
first «cnso ho was wrong, for Looser (1920a, b) and others had reported on 
the bony appearances long before, and hlilkman knew this In the second 
sense he appears also to have been wrong, for it now seems clear that the 
symmetrical bands of decnlcification are not a feature of any one disease, 
but arc likcl 3 ’ to bo met with whenever tlie skeleton has become suffi- 
cicntl}' decalcified (Camp and McCullough, 1941, Lafittc and Gres, 1942) 
They arc in fact one of the signs of gross dccalcification Whatever the 
metabolio abnormality which produces the appearances of pseudofractures, 
it should clearly bo regarded as a localized mtonsification of a generahzed 
process rather than a disease siti generis In bebevmg that the absence of 
callus formation was a characteristic feature of his syndrome Milkman would 
also appear to have been in error Absence of callus merely indicates com- 
plete absence of healing at the time the photograph is taken The essential 
features of the present case seem to be perfect health before puberty, 
a progressive illness charnotcrizcd by pain, weakness, dccalcification and 
skeletal deformity, and cure of the metabolic abnormality by very large 
doses of vitamin D There is no suggestion of any renal, mtestmal, or dietetic 
reason for the dccalcification, which did not respond, moreover, to normal 
therapeutic doses of vitamin D The logical conclusion, therefore, seems to 
be that this patient was suffering from somethmg which prevented normal 
supplies of vitamm D from exerting their usual effects It is suggested that 
this was a raised resistance to vitamin D {vide infra) which she acquired 
about the age of puberty It is further suggested that this disease entity be 
termed ‘ raised resistance to vitamm D ’, or more briefly R. R D , and that, 
since her metabohsm in early life was normal, it should further be designated 
by the word ‘ acquired ’ A congenital form will be described later 

The disease Acquired R R D is not a new' disease, for a syndrome which 
must be regarded as clinically identical in its onset and development has 
certainly been described before It is, however, new m the sense that the 
disorder has never been conclusively cured by vitamm D and hence that its 
true nature has never been estabbshed and appreciated The novelty lies m 
the diagnosis rather than anythmg else, as the following records show 
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Debray, Thomaim, and Gireanx described a case m 1933 wbich m many 
ways resembled the present one A woman of 61 years with a negative 
Wassermann reaction had suffered for over 10 years from pain and musoular 
weakness, and when seen her bones were found to be m a state of advanced 
decalcification with pseudofractures She had borne and nursed four children 
and her rheumatic-hke pains had begun soon after the birth of her last 
child For these symptoms she had been sent mto the country for some 
months and had returned apparently cured, but she had relapsed m Paris 
She had been sent again for treatment to the country, only to relapse once 
more on her return She had deteriorated considerably in the three or four 
years before admission Her serum-calcium was 11 mg per 100 cc and 
serum-phosphorus 2 4 mg per 100 c c Some further biochemical investiga- 
tions were earned out, but she refused to allow her parathyroids to be 
explored, and ultimately was discharged after bemg treated with arsenical 
drugs, but seemingly no vitamin D Six months later she was readmitted 
considerably improved both clnucally and radiologically She had gained 
2 kg and in the foUowmg months gamed more weight and recovered a great 
part of her strength No diagnosis was made 
Milkman’s (1934) case was that of a woman aged 43 years who had been 
fit and well till 1925 In that year, when she was 34 years old, she began to 
have pam on movement and weakness, but no radiological abnormahties 
were detected at that time Her condition steadily deteriorated, however, 
and m 1928 a diagnosis of osteomalacia was made Her basal metabohe rate 
was + 5 per cent of normal Aspirm apparently gave most relief and there 
were no remissions m spite of a variety of treatments, some of which were 
phosphorized cod hver oil, sunhght, and viosterol, and m 1931 the woman 
developed diabetes and became completely bedridden She died two years 
later 

Leedham-Green and Golding (1937) recorded a case of some interest 
A woman, aged 24 years, who had had a good diet all her life and who had 
never been pregnant, had been suffenng for six years from a disabhng and 
painful affliction This must have been relatively mild for she was not com- 
pletely mcapacitated by it She had had at least three remissions The first 
followed a course of treatment with iron, the second one with iron and hver, 
and the third one with ultraviolet light and marmite Her serum-calcium 
was 9 6 mg per 100 c c and plasma-phosphorus 2 2 to 2 8 mg per 100 o c 
X-rays showed extensive decalcification of the skeleton with Looser’s nodes 
The authors treated the patient with radiostoleum, but, knowing that Milk- 
man s case had shown no response to similar treatment, they did not really 
expect to cure their patient and presumably did not do so 

One of the few men who seem to have suffered from this syndrome was 
described by Michaehs (1932) This patient’s trouble began m 1917 when he 
was servmg, as a young soldier of 18 years, on the Eastern front Owing to 
the socio-economic state of Germany, Michaehs seriously considered mal- 
nutrition as the underlying cause of his patient’s condition, but there is no 
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reason to suppose that this man 'was undomourislicd m 1P32, for he had 
spent the greater part of his illness in one hospital or another, and vanous 
diagnoses from osteomalacia to h 38 tena had been entortamed from time to 
time Ho had changed little for hotter or Tvorso between 1920 and 1932 
His sernm-caleuim was 110 to 12 G mg per 100 oc and his inorganic 
phosphorus 1 0 mg per 100 cc Ho had bilateral coxa vara and decalci- 
fication of his bones with psoiidofracturcs 

A peasant girl, brought up in healthy surroundings and on country food, 
first began to find muscular effort painful and difficult when she was 18 years 
of ago (Monier-Vmard, 1040) She became steadily worse for the next six 
years, and lost 12 kg m weight Her X-ra 3 ' appearances wore characteristic, 
but she differed from the case described in the present paper and most of 
the other oases in having a low scrum-calcium and severe tetany This may 
be mcrel 3 ' an expression of the fact that her parath 5 Toid 8 had faded to 
li 3 'pcrtroph 3 8 nfficicntl 3 ' to maintain her scrum-caloium wothm normal limits 
She was treated for 10 weeks with a good diet, injections of calcium gluco- 
nate, vitamin D, ultraviolet light, and parathyroid extract She improved 
sufficicntl 3 ’ to make lior own wa 3 ’ up and dowm stairs and she gamed some 
w eight, but no firm diagnosis w ns made 

Garcm, Lcgrand, and Bernard (1937) described a case of Milkman’s 
syndrome m a nun aged 68 years, who gave a six-months’ history of trouble 
in walking Her initial symptom had been difficult 3 ' m rising from her knees 
after prayer The diet in a rcbgious house may not have been all that it 
should have been and this woman may have had very bttle exposure to 
sunlight, but no other inmates seem to have been similarly affected This 
was, therefore, probably a case of acquired R R D The patient responded 
well to vitamin thcrap 3 ' over a period of 10 months, but unfortunately the 
dosage was not recorded 

Roger and Huguet (193S) described a woman aged 62 years, probably well 
to do, who had suffered for six years from pain on movement, and had 
become progressively worse for the previous three years Her bones showed 
decaloification with Looscr’s nodes, and she was treated with deep X-rays, 
calcium, irradiated ergosterol, phosphates, liver extract, and snake venom 
She recovered slowl 3 % and in four years was free from pam 

A case was described by Edeikon and Schneeberg in 1943 Their patient 
was a woman aged 34 ymars who had probably had osteomyelitis at the ages 
of seven, 14, and 30 years, and had certaml 3 ’' had bony diseases of one or more 
kinds for most of her life She is stated to have had a remission at 20 years 
At 30 years she was found to have generalized decalcification of the skeleton 
and some fractures, and at 34 years the diagnosis of Milkman’s syndrome 
was made A footnote to the paper shows that this was almost certainly 
a case of acquired R R D , for after the administration of 60,000 USP umts 
of vitamm D daily for 26 weeks she is said to have gained 8 6 kg , to have 
lost her pain, and to have shown radiological signs of recovery It is curious 
that the authors should have contmued to regard the disease they were 
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investigating as one of nnknown aetiology They evidently did so, however, 
for their summary contams the words ‘The aetiology and pathogenesis are 
nnknown Several reported cures have resulted from treatment with 
calcium, vitamm D, arsemcals and vitamm A ’ This case is so comphoated 
by the recurrent osteomyehtis that it is impossible to say when the R R D 
began It was probably not tdl after puberty, for had it been before, one 
would have expected signs of late rickets to have been discovered when she 
was under observation as a child 

The rdationship between resistant rickets and acquired RED Resistant nckets 
18 now a well-known if uncommon disease which may affect several members 
of the same family The disease was first cured by Albright, Butler, and Bloom- 
berg (1937) who first gave the very large doses of vitamm D now recognized 
to be necessary The majonty of the cases which have been reported have 
been reviewed by Lussy (1946), and Maokay and May (1946) have added two 
more to the hterature Some of these children have undoubtedly been affected 
from birth (Bomsoheuer, 1931 Liebe, 1939, Mackay and May, 1946), and the 
bargee’s ohdd described by Halbertsma (1936) must also be reckoned m this 
category These cases might be styled congemtal R R D A child of this type 
has been under observation m Cambridge for years Others have appeared to 
be normal children till they were one, four, seven, or even more years of age 
Beumer (1943), for instance, desonbed the development m a month or two of 
resistant nckets m a child aged four years ‘ fruher immer gesund ’ There was 
nothing to suggest that the boy desonbed by Albnght, Butler, and Bloomberg 
(1937) was m any way abnormal tiU he was over one year, and Nadrai’s (1938) 
patient is stated positively to have developed normally tdl she was 18 months 
old In Highman and Hamdton’s (1936) case the disease may not have begun 
till the child was two years of age, andBakwm, Bodansky, and Schorr’s (1940) 
boy seems to have had a normal calcium metabolism till he was six years old 
A case of great interest m the present connexion was desonbed by Lmder and 
Vadas (1931) Their patient was a coloured errand-boy m Cape Town and 
seems to have been perfectly well tdl he was 16 years old At that age he was 
given a short course of antisyphditic treatment for vague pains m the shins 
The diagnosis was doubtful, but the treatment was successful and the pains 
vamshed (compare the woman desonbed by Debray, Thomann, and Gireaux, 
1933) Two years later he began to have pam m his knees and from that time 
onwards became more and more mcapaoitated, and unable to earn any money 
After a period of semi-starvation he was admitted to hospital There he was 
found to have the waddbng gait of a muscular dystrophy, a serum-calcium of 
12 6 to 14 0 mg per 100 o c , an inorganic phosphorus of only 1 2 mg per 100 o c , 
epiphj^al changes, and gross skeletal disorganization TTia parathyroids were 
explored and a small adenoma was found, but its removal made no permanent 
difference to his calcium metabolism He was under observation for two years 
and was treated, at any rate for a tune, with 18,000 i u of vitamm D dady, 
but without any real improvement The case was described as one of late 
nckets, and the authors commented on the low renal threshold for phosphates 
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It IS evident thnt tins was a ca<ie of acquired R R D , very like the present one 
m some respects, and particularly in the age of onset In all these children, 
therefore, the correct diagnosis seems to bo acquired R R D Whether the bony 
lesions receive the label rickets or osteomalacia is probably only a matter of the 
ago at which the resistance developed Mackay and May (1945) made another 
point of some interest They pointed out that the resistance of some of these 
children to vitamin D varied very much from time to time It will be recalled 
that remissions have been a feature of the disease ns seen in later life In 
children it has been shown (Baku in, Bodanskj’-, and Schorr, 1940) that 
enormous concentrations of the r itamin have to be present in the serum and 
body fluids to effect a cure Hence in them ccrtninl}', and in adults probably, 
the metabolic fault is a true internal resistance and not a failure of absorption 
Jicsistaucc io vtfarnin D It is u ell known from the cases of resistant rickets 
which have been recorded that the amounts of vitamin necessary to effect a 
cure or mainlam health differ very much from one patient to another They 
also differ in the same patient from one time to another It is probable that 
every grade of resistance exists bctucen the ‘normal’ and the most severe, 
and the same is cortainl}' true of acquired R R D in adults This statement 
implies that even in nonnal persons there must bo some factor or factors 
which resist the action of vitamin D There is, moreover, evidence that this 
IS so, for SIcCanco and Widdowson (1943) have shown that the season of the 
year affects the response of normal persons to vitamin D It is possible that 
species differences in vitamin D requirements, that is, between the rat and man, 
may bo explained in terms of vitamm D resistance, but this is mere conjecture 
The nature of the metabolic processes involved in vitamm D resistance is quite 
unknown Suggestions ranging from focal infection to psychological trauma 
have been considered It is possible that m some instances the thyroid hormone 
plaj's some part, for rarefaction of the lames is a well-recognized feature of 
thyrotoxicosis, and in this connexion it may be mentioned that the woman 
described by Guillain, Lcroboullct, and Auzdpy (1937) as a case of Milkman’s 
syndrome, and u ho may have been an acquired R R D , had a basal metabohe 
rate 41 per cent over the normal There is, however, no suggestion that all 
cases of acquired R R D have thyrotoxicosis The majority have not 

It may seem to some that to say thnt resistance to vitamin D may vary 
from one person to another is merely another way of statmg thnt no two 
individuals’ requirements are the same, and that it would be better to use the 
latter and more fnmihar term It is true that if resistance is high requirements 
are also high, but children who are not known at present to have higher 
resistance than adults have certainly got higher requirements Variations in 
resistance, moreover, have been detected in adults (McCanoe and Widdowson, 
1943) whoso requirements could not be measured, and finally persons with 
very high resistance may require so much vitamin D to overcome it that they 
suffer from toxic effects of the vitamin (Mackay and May, 1946 , personal 
experiences) To apply the term requirement to therapy at this level of 
dosage is to use the word m a very unusual and rather misleading sense 
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Summary 

1 A girl who had been m perfect health till she was 14 years old developed 
osteomalacia (with Milkman’s syndrome) during the next three years of her hfe 
Her kidneys and intestmal tract were normal, and her diet was good 

2 The patient was cured by large doses of vitamin D and it is, therefore, 
suggested that her illness was due to a raised resistance to vitamm D, acquired 
about the age of puberty 

3 Perusal of the hterature shows that acquired ‘ raised resistance to vita- 
min D ’ IS an uncommon but well-recogmzed disease of childhood, generally 
at present referred to as resistant rickets, and that a syndrome chnically 
resembhng it has been described m adults 

4 The disease affects children of both sexes, but mostly women in later life 
It produces rachitic changes m children, and progressive weakness, pam, and 
decalcification of the skeleton in adult hfe 

6 The disease must be distinguished from ‘ chrome rheumatism ’, general- 
ized osteitis fibrosa, and osteoporosis of the spme It is uiihkely to be confused 
with other disorders of metabolism 

6 During the course of treatment vitamm D was observed to raise the renal 
threshold for phosphate and to promote retention of magnesium 

I am mdebted to a number of persons for helpmg me with this mvestiga- 
tion Dr J PL Sheldon first mtroduced me to the patient and the late Dr Izod 
Bennett kindly allowed me to study her and to publish the results Dr Nevin 
provided me with X-rays taken m 1939 and Dr Dean took part in the chmeal 
work at Addenbrooke’s Hospital The mineral balance determmations and 
many other pomts of detail were entirely the work of Miss ThrusseU 
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Summary 

1 A girl who had been in perfect health till she was 14 years old developed 
osteomalacia (with Milkman’s syndrome) during the next three years of her hfe 
Her kidneys and mtestmal tract were normal, and her diet was good 

2 The patient was cured by large doses of vitamin D and it is, therefore, 
suggested that her illness was due to a raised resistance to vitamm D, acq^uired 
about the age of puberty 

3 Perusal of the hterature shows that acquired ‘ raised resistance to vita- 
min D’ IS an uncommon hut well-iecognized disease of childhood, generally 
at present referred to as resistant rickets, and that a syndrome clinically 
resembhng it has been described in adults 

4 The disease affects children of both sexes, but mostly women in later life 
It produces rachitic changes m children, and progressive weakness, pain, and 
decalcification of the skeleton in adult hfe 

6 The disease must he distinguished from ‘ chrome rheumatism’, general- 
ized osteitis fibrosa, and osteoporosis of the spine It is unhkely to be confused 
with other disorders of metabolism 

6 Durmg the course of treatment vitamin D was observed to raise the renal 
threshold for phosphate and to promote retention of magnesium 

I am mdebted to a number of persons for helping me with this investiga- 
tion Dr J H Sheldon first introduced me to the patient and the late Dr Izod 
Bennett kindly allowed me to study her and to pnbhsh the results Dr Nevin 
provided me with X-rays taken m 1939 and Dr Dean took part m the clinical 
work at Addenbrooke’s Hospital The mineral balance determmations and 
many other pomts of detail were entirely the work of Miss Thriissell 
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Fig 1 d The healmg of the pseudofractures is almost complete The deformities 

persist 
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OEDEMA IN AN INTERNMENT CAMP^ 

By R A BALLISTER 

An account is given here of the types of oedema observed in the male 
civil mtemment camp in Singapore during the penod that Malaya was 
occupied by the Japanese As the staple article of diet of the internees was 
nee, and this usually of the polished vanety, one of the mam dangers to 
health appeared to be benberi It will be shown, however, that among the 
many cases of oedema observed, those due to benben were not numerous 
and were confined to a penod when the estimated value of vitamin Bj m 
the food w4s low As only a small stock of aneurm was available for treat- 
ment dunng most of the penod of internment, it had to be reserved for 
benben only, and the differential diagnosis of a patient who had developed 
oedema was of great importance The diagnosis of benben is still dependent 
on chnical observation, and the different manifestations of the disease have 
at times led to difficulties Nearly fifty years ago Manson (1901), m speaking 
of benben, found it necessary m order to avoid confusion to desenbe what 
he meant by this diagnosis Although we now have the therapeutic test 
with aneurm this explanation is still desirable to-day A fairly complete 
account is therefore given of those cases that appeared to be benberi as well 
as those where the oedema was considered to be from a different cause, and 
the diagnoses are discussed The cases are divided mto three senes In the 
first are mcluded those who probably had benben, and the second and third 
consist of cases of nutntional oedema from other causes The last two senes 
appeared to be different from each other, but httle definite can be said of 
then: aetiology 

The period of mtemment lasted from the middle of February 1942 to 
September 1945 The population was mainly European and vaned from 
2,360 at the beginnmg to 3,175 m the last year A detailed account of the 
diet wiU not be given here, but the mam particulars relevant to the paper 
are shown in Figs 1 and 2 It will be noted that m the first three months 
of mtemment the amount of vitamm Bj m the diet was very low. The food 
at this time consisted of polished nee supplemented by turned provisions, 
and was defective m many respects For the rest of the penod of mtemment 
vitamm Bj never fell below about 260 mternational umts per diem, which 
would be generally accepted as well above the benben danger-level The 
total calones and the protein were low for most of the time and fell to 
a dangerous level m the last few months The high figures for protein m 
the first quarter of 1944 were the result of a supply of soya bean Most 

* Received October 19, 1946 
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OEDEMA E\ AE DCTEREME:;^: CAMPI 

Br R. A. BALLISTER 

A:s accotmt is given here of the types of oedema ohserved in the male 
civil internment camp in Singapore during the period that Malaya rras 
occupied by the Japanese. As the staple article of diet of the internees tras 
rice, and this usually ox the pohshed variety, one of the main dangers to 
health appeared to be benberi It -will be shorm hou-ever. that among the 
manv cases of oedema observed three due to beriberi vere not numerous 
and vere confined to a period vhen the estimated value of vitamin in 
the food rris low. As only a small stock of aneurin was available for treat- 
ment during mcst of the period of internment, it had to be reserved for 
beriberi only, and the differential diagnosis of a patient who had developed 
oedema was of great importance The diagnosis of beriberi is stili dependent 
on clinical observation, and the different manifestations of the disease have 
at times led to difficulties. early fifty years ago Manson (1901) in speaking 
of beriberi, found it necessary in order to avoid confusion to describe what 
he meant by this diagnosis. Although we now have the therapeutic t^ 
with aneurin this explanation is srill derirable to-day. A fairly complete 
account is therefore given of those cases that appeared to he benberi as well 
as thoee where the oedema was conridered to be from a different cause and 
the diagnoses are diseased. The cases are divided into three series. In the 
first are included those who probably had beriberi, and the second and third 
consist of cases of nutritional oedema from other causes. The last two senes 
appeared to be different from each other, but little definite can be said of 
their aetiology. 

The period of internment lasted from the middle of Febmary 1942 to 
September 1945. The population was mainly European and varied from 
2 360 at the beginning to 3,175 in the last year A detailed account of the 
diet wiH not be given here, hut the mam particulars relevant to the paper 
are shown in Figs. 1 and 2 It will be noted that m the first three months 
of internment the amount of vitamin Bj in the diet was very low. The food 
at this tame consisted of polished nee supplemented by tinned provisions, 
and was defective m many respects. For the rest of the period of internment 
vitamin never fell below about 250 international units per diem, which 
would be generally accepted as well above the benberi danser-level The 
total calories and the protein were low for mcKt of the time and fell to 
a dangerous level in the last few months. The high figures for protem m 
the first quarter of 1944 were the result of a supply of soya beau Most 
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oedema was mild and usually only around tie feet, ankles, and skins In 
two cases there was swellmg to above the knees, and two patients had 
a httle pufdness of the face m the mornings Pour complamed of a tense or 
tight feeing in the calf muscles, and three or four others were also noted to 
have a fullness m the calves Even with the leg hanging loosely the muscles 


Protein (gtn) 



felt firmer than normal and a httle swollen Sight tenderness was noted in 
two, and two complained of some pain Mild tmghng or paraesthesia was 
mentioned by four patients Two had defimte weakness of the legs These 
were mixed types and the remaming 14 were essentially cardiac Breath- 
lessness was complamed of by seven patients, and one of these also said that 
he felt tired One or two others, however, were obviously dyspnoeic on 
exercise Two had some chest discomfort and two said that they had some 
loss of appetite Most of them had a moderate tachycardia of from 80 to 
110 per minute These readings were taken with the patient lymg down 
When standing, readmgs were about 16 beats higher The pulse was usually 
fuU, and low diastohc pressures with a high pulse-pressure when first 
exammed were noted m two cases The readmgs of these two patients 
(Cases 6 and 9) are given m Table E The changes m the heart varied from 
no obvious abnormahty up to the typical pictures of acute cardiac benben 
with venous fullness in the neck, wavy praecordial pulsation, mcreased 
cardiac dullness, systolic murmurs, and accentuated or reduplicated pul- 
monary second sounds The knee reflexes and ankle reflexes were absent m 
six patients The ankle reflexes were absent m eight, and two of these 
patients lost their knee reflexes while under treatment Two patients re- 
tamed the knee and ankle reflexes All the patients were treated with 
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internees wore unable to take their full share of this food as it led to indi- 
gestion and diarrhoea The amount of protein actually available at this time 
was therefore much lower than Fig 2 shows The foodstuffs that supple- 
mented the basic rice ration vaned at different times, but probably the leaf 
vegetables that vere supplied in increasing quantities from the camp 

Calories 

2.500 

2,000 

1.500 

Vitamin B) in 10 
600 

500 

400 

300 

ZOO 

100 

Quarters 

1942 i 1943 i 1944 1 1945 

« ' I 

Fio 1 Tlio n^orngo dnily cnloncs and \ntnmm Bj shown m throo monthly penods 
Tlio values for B, arc expressed in international units Figs 1 and 2 are based on 
•workers’ diets Those unable to work received loss food in tho latter months 

gardens after the first few months provided the most useful source of 
minerals and other accessory food substances 

Series 1 A mild epidemic of benbcri started after about three months’ 
internment and censed two months Inter ns a result of an all-round improve- 
ment of diet, which included rice polishings There were about 20 cases Of 

Table I 

Ages of Benberi Patients 


20 to 29 years 3 
30 „ 30 „ 2 
40 „ 49 „ 4 
60 „ 60 „ 6 
60 „ 09 „ 2 


(The average ago of the mtemeea was 43 years ) 

these one had mainly peripheral neuritis and the remamder were mixed or 
mainly cardiac in type Fairly good records are available of 16 of the latter 
group The age groups are given m Table I The monthly moidence is shown 
in Table III All the patients had oedema as one of their complamts The 
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pulmonary congestion or cardiac asthma In one (Case 3) there was 
nocturnal cough and some wheezmg, datmg from ]ust before the beginning 
of treatment, but worst on the hrst four mghts after aneunn had been given 
The other (Case 4) was awakened on the second night after treatment was 
started with a feeling of breathlessness It was not suflSciently severe for 
him to call for the doctor One other patient (Case 1), the most dangerously 
ill of all, had a severe attack of cardiac asthma on the first night after 
aneurm was started He became greatly distressed with dyspnoea and 
cough The pulse-rate was rapid, the veins in the neck distended, and he 
was cyanotic He was restless and could not decide whether it was more 
comfortable to sit up or he down This attack did not come on until sis or 
seven hours after he had had an mjection of 12 mg of aneurm He was 
given more aneurm and 30 oz of blood were drawn off with some relief He 
was given morphia on subsequent nights and the attack was not repeated 
The blood-pressure m his case showed no very significant change except 
that the diastohc level was low He also suffered from an aneurysm of the 
subclavian artery He made a good recovery and was soon qmte active 
agam and remamed well for about two years There can be httle doubt that 
his illness was due to benben, but an unhealthy heart played a part m the 
seventy of his attack Records are available of the temperatures of eight of 
these patients while under treatment Case 1 had a temperature of 99 2° F 
on the second day, Case 3 101 2° on the second day. Case 4 100 2° on the 
fourth day, and Case 6 99 4° on the second day Cases 2, 6, 9, and 11 were 
below 99° F It will be noted that three of the patients, namely, Cases 1, 3, 
and 4, who had some fever were those recorded as having probably some 
pulmonary congestion 

This completes the account of the outbreak of benben that occurred in 
the early days of the camp when the general state of nutrition still remamed 
fairly good After this time there were no other defimte cases of benben 
among those residing m the camp There were, however, a number of men 
removed by the Japanese mihtary pohce for special questiomng among 
whom benben occurred These men were subject to some violence and were 
imprisoned m very unhygiemc conditions of overcrowdmg and underfeedmg 
At different times and usually after many months they were returned to 
the camp either because the questionmg was fimshed or the state of health 
so dangerous that death seemed hkely Among these were two (Cases 17 
and 18) who seemed defimtely to be suffenng from benben among their 
many troubles and three others (Cases 19, 20, and 21) who are included 
here as cases of benben, though certam features place them in a separate 
group and merit some discussion These five cases are not mclnded m the 
previous analyses 

Case 17 (Aged 49 years ) This man had been m the custody of the mili- 
tary police for some months He complamed of complete exhaustion and 
loose stools for about four and a half months He could barely move in bed 
He had severe oedema affecting the dependent parts and, where not 
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anounn and all recovered Dosage vaned from 36 mg by injection on the 
first day for the most dangerously ill patient down to 4 mg for mild cases 
The subsequent doses were low The reactions of the cardiovascular system 
during recovery are worth rceording Cases C and 9, who showed the lowest 
diastolic blood-pressure readings on admission, were both young men The 
diastolic pressure showed a rapid rise accompanied by slowing of the pulse 
and they made uneventful recoveries The readings are shown in Table 11 
Four of the other patients who had blood-pressures within normal hmits 
when first scon show ed a rise m 83’etohc and diastolic pressures with slowmg 
of the pulse-rate after treatment with aneurm Details arc given in Table 11 
Of these patients two (Cases 3 and 4) had some symptoms of possible 

Table II 

Cnsc G (Agcil 23 yonrs ) 


Dnj 

1 

2 

3 

4 

17 

38 

Blood-pressure 







&3R(olio 

118 

112 

126 

120 

135 

125 

Diastolio 

40 

70 

80 

70 

80 

70 

Pulse rate 

80 

58 

CO 

50 

— 

— 

Case 0 ( Ago<l 28 j cars ) 






Dnj 

1 


0 

3 


4 

Blood-presRuro 







Systolic 

135 


130 

126 


130 

Diastolic 

40 


80 

05 


70 

Pulse rate 

84 


60 

60 
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Cases (Aged 52 y cars ) 






Day 


1 


7 


19 

Blood-pressure 







Systolic 


142 


160 


130 

DiQstobo 


85 


95 


90 

Pulse rate 


110 


04 


84 


Case i (Aged 40 years ) 


Day' 

1 

2 

3 

4 

5 

7 

Blood-pressure 
Sy stolic 

no 

136 

145 

160 

130 

116 

Diastolic 

70 

85 

85 

90 

80 

70 

Pulse rate 

96 

— 

60 

52 

CO 

04 


Cast 11 (Aged 47 j ears ) 

Day ] 2 3 4 


Blood-pressure 

Systolic 

Diastolic 

Pulso-mto 

115 

05 

100 

116 

70 

68 

158 

100 

08 


125 

70 

60 

126 

70 

00 

Case 16 (Aged 66 years ) 
Day 1 

4 


9 


23 

Blood pressure 
Systolic 
Diastolic 

170 

90 

180 

90 


200 

100 


180 

100 


(This patient also sufiered from mild hypertension ) 
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contained pns cells, macrophages, and red cells The unne was scanty , dark 
m colour, and contained albumin and a few cells A blood examination was 
made at a later date and compared quite well with the rest of the camp 
The red-cell count was 3,880,000 per c mm and the haemoglobin 78 per cent 
Aneurm injections were given as shown in the table, and aneunn, ascorbic 
acid, and vitamm A were also given by mouth The blood-pressure readings 
are also shown m the table 


Day 1 2 3 4 6 

Blood-pressure 

Systolic 116 160 160 160 160 

Diastolic 70 96 95 90 100 

Vitamin Bj (tng ) 

by injection 16 10 5 6 6 


6 

7 

8 

9 

10 

11 

12 

13 

160 

160 

_ 

160 

160 

166 

160 

160 

100 

6 

100 

6 

100 

110 

100 

100 

100 


The flow of urme was noted to be better after 48 hours, and an exammation 
on the seventh day showed the unne to be free from albumm At this time 
it was thought that the oedema was beginnmg to go down, but on the mght 
of the lunth day and for the following two days there was a large diuresis 
with a loss of oedema On the fourteenth day the oedema had gone and the 
patient was seen to be extremely emaciated On the morning of the tenth 
day, after telling of his diuresis, he complained of being troubled by cough 
durmg the mght, and on exammation of the chest a few basal crepitations 
were found On this day and for a few days after, his evemng temperature 
was between 99° and 100° F Unfortunately earher temperature records are 
miBsmg It wiU be noted that the most marked diuresis comcided with the 
highest blood-pressure reading and was accompamed by nocturnal cough and 
slight fever After three wee& m hospital the skm was clear and the bowels 
practically normal His feet felt numb and there was blunting of sensation 
to pin-pnck over the legs and arms The heart seemed shghtly enlarged and 
the rate was increased to 80 to 90 at rest The sounds were less ‘tic-tac’, 
but there was a ‘ slappmg ’ quahty about them The blood-pressure was still 
160/100 Sitting up in bed was possible for a short time only and caused 
considerable tachycardia After six weeks he was feehng very well and 
putting on weight He was still unable to leave his bed and the exercise 
tolerance only a little improved There was still a moderate tachycardia 
and the blood-pressure was the same He was removed from the camp and 
not exammed agam The case is recorded because of the pecuhar nature of 
the oedema and also to show the response to treatment 

Case 19 (Aged 43 years ) This patient had been nearly one year m the 
custody of the Japanese mihtary pohce and he was brought back to the 
camp after a tedious journey in an open lorry during which he had been 
soaked with ram He complamed of oedema which had started about three 
weeks previously and had been very severe for one week There had been 
some fever a week before the oedema started He had been able to walk 
untd he became oedematous The bowels had been loose for about eight 
months On examination he had a temperature of 100° P There was severe 
general anasarca Unhke the last patient, the scrotum was very swollen 
A httle of the oedema was of the ‘jeUy’ type previously mentioned He had 
sores on the hands and feet from scabies The tongue was clean and the 
appetite good The heart-sounds were fairly good and there were no 
murmurs The blood-pressure was 168/90 and the pulse-rate 82 The 
tendon reflexes were all brisk and the calves were not tender There was 
no cellular exudate m the stools He was mentally bright and cheerful He 



62 


QUARTERLY JOURNAL OF MEDICINE 

ocdematons, wns scon to bo very omawatcd The heart sounds had a ‘tic- 
tac’ rhythm and the pulse was 110 Tlic tendon reflexes were all absent 
and there was slight tenderness of the calves There were pus cells and red 
colls in the stools Ho was given 8 mg of nneurin intravenously on the first 
day, and 4 mg intramuscularly on the second, folloved by 3 mg a day by 
mouth Some of his blood-pressure readings while ho was m hospital are 
given bclou — 

1 2 10 20 26 20 27 28 42 71 76 

Bloocl-pro'auro 

Systolic 116 no 140 145 130 130 140 110 130 160 130 

Dmstolic 80 72 00 00 100 100 100 00 100 105 90 

Ho had a little fc\cr with a maximum temperature of 101 2°P between the 
sixth and ninth days There was, howe^er, little change m his condition at 
first, but he began to pass urine more freely before the twentieth day He 
vas taking some potassium citrate and this may have contnbuted to the 
diuresis It vas, however, during the next veek or 10 da3's that he had 
a real diuresis with 1o<js of oedema On the 24th night he had a gripping 
feeling in the chest and the following two nights had attacks of breathless- 
ness Morphia was given for this on the second night From the blood- 
pressure readings it was noticed that these sjmptoms were associated with 
a slight rise in pressure The second rise in pressure vas not associated with 
symptoms The heart-rate was a little rapid the whole time He ultimately 
made a fairly good recover}’ and was able to leave hospital in about four 
months His logs vcrc still weak and he could not nso from the squatting 
position TJic knee and ankle reflexes were absent and his blood-pressure 
vas 110/85 

Case IS (Aged 44 years ) This patient was admitted to the camp hospital 
on liLS return from the military police vith general anasarca, breathlessness 
on exertion, and diarrhoea He stated that about six months previously he 
had developed oedema and scabies for which ho had been given treatment 
in hospital with some benefit Two months later ho had swelling again and 
dysentery The swelling improved, but the bowels remained irregular 
A month before admission to the camp hospital the present swelling came on 

On examination he was mentally bright and cheerful He lay flat m bed 
and the slightest exertion caused breathlessness He had severe general 
anasarca His face, trunk, and limbs were all very swollen, but the scrotum 
was spared The absence of oedema of the scrotum is occasionally found in 
wet bonberi according to de Langen and Lichtenstein (1936) Over the 
front, that is the uppermost part of the body, the swelling was of a pecubar 
jolly -like consistency that did not pit on pressure In the dependent parts 
there was also pitting oedema of the common type He had scabies of the 
hands and feet The tongue was tremulous and rather red and there were 
cracks at the corners of the lips There was dermatitis of the scrotum The 
calves were tender and he had some general muscular pains The knee 
reflexes were absent Examination of the heart was made difficult by 
the oedema, but no enlargement was demonstrated The vems were full in 
the neck, but the patient was lying flat There was some epigastric pulsa- 
tion The heart sounds were clear but with a marked ‘ tic-tao ’ rhythm At 
the base the first sound was poor and the second rather loud The pulse 
was full ftnd the rate 114 The blood-pressure was 116/70 The abdomen 
was distended and tender The hver could not be palpated The faeces 
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day and was ordered ntamms by month He passed nrme fairly well durmg 
the first fonr da 3 rB He developed a headache and on the sixth day had 
wheezing on breathmg The blood-pressure was then 160/100 and the 
pleural cavities showed evidence of effusions On the followmg day a little 
after midnight he had an attack of breathlessness, and treatment with 
morphia and digitalis was started After this he gradually improved, and 
after a mersalyl injection on the eleventh day he passed 10 pmts of unne, 
During the worst four days of his illness he had some fever and the pulse- 
rate was up to 110 After this time the pulse-rate was between 60 and 60 
The convalescence was slow and he had some nocturnal wheezmess and 
occasional headaches durmg the first month, though the oedema was only 
shght after the first two weeto He left hospital after three and a half months 
and was under observation for a further four months The tendon reflexes 
remained brisk the whole time and the blood-pressure, though it varied 
a little, was usually about 160/90 


DiBGUsston The first group of 16 oases which comprised the small benben 
outbreak m the camp and the following two from special military custody 
were all cases of fairly typical benben The blood-pressure changes that 
occur dunng the disease and its treatment have been emphasized, and also 
the probability that with the onset of mcreased vascular tone resultmg from 
the aneurm a stram is thrown on the left ventnole with the possible onset 
of cardiac asthma Hawes (1937) and Hawes, Monteiro, and Smith (1937), 
in their early work m Malaya on the use of the pure vitamm m the treat- 
ment of acute cardiac benben, noted the blood-pressure changes, and they 
also pointed out that where diuresis cannot be established the blood-urea 
rises and death may occur in pseudo-uraemia Weiss and Wilkins (1937) m 
the United States also observed the rise m blood-pressure after administra- 
tion of the vitamin and they also noted lung signs that they considered 
might have been due to increased pulmonary congestion resultmg from 
compensation of the right ventnole out of proportion to the left If the two 
young men. Cases 6 and 9 in the present paper, who had typically low 
diastohc pressures when first seen had been untreated, they would probably 
have died with a pure right-sided heart failure and a dry lung like the cases 
described by Wenckebach (1928) m Java On the other hand, some of the 
other cases I have desonbed had durmg treatment, and Case 3 probably 
before treatment, some pulmonary engorgement and left-sided heart failure 
such as Weiss and Wilkms (1937) observed among their patients The fever 
that was noted m some of the patients seemed to accompany congestion of 
the lungs and must be looked upon as secondary to the benben state 
Infection as a factor m the aetiology of benben has been described by some 
writers, particularly Bernard (1931), but the evidence here does not support 
this view 

The last three patients described presented a rather different picture 
The presence of brisk tendon reflexes m two of them was against the 
diagnosis of benben The exammation of the cardiovascular system gave 
little support to this diagnosis as the blood-pressure tended to be slightly 
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received injcotiong of anounn as follows from the first to the sixth day— 
8 mg , 4 mg , 0 mg , 10 mg , 28 mg, and 40 mg In addition ho received 
3 mg daily by mouth and also ascorbic aoid Ho continued to have fever, 
but was fairly comfortablo until the evening of the third day, when he had 
slight cough and did not scorn so well On tho fifth day tho oedema seemed 
worse and tho urine was reduced in quantity Tho heart was rapid and the 
blood-prcssuro 170/120 Tho kneo and anklo reflexes were present Mersalyl 
uns given, but on tho same night ho had an attack of acute pulmonary 
oedema On tho eighth day he became comatose with hissing respiration 
Tho unne was dark in colour and scanty It contained albumin and costs 
for tho first time Ho vomited some black watery matter and the stools 
were tarrj' Ho died m tho carl}'^ morning of tho ninth day 

Case 20. (Aged 43 3 cars) This patient was brought to camp with the 
last patient Ho complained of oedema for five weeks He also said that 
ho had a little difficultj' in breathing which ho put down to the oedema He 
had had diarrhoea, but tho bowels had boon normal for the past two months 
He was bright and cheerful and tho appetite was good He did not seem 
distressed and there uas no dyspnoea He had severe general anasarca In 
the anterior axillary folds this was rather of tho ‘jolly’ type There was 
some dermatitis of tho scrotum Tho temporaturo was 97 4°F Tho tongue 
was clean and nothing abnormal was noted in the heart Tho blood-pressure 
was 140/00 and tho pulso-ratc 78 On examining the lungs there was some 
dullness at tho nght base with bronchial breath sounds The knee reflexes 
were not obtained, but tho anklo reflexes were present though weak With 
severe oedema tho reflexes are not easy to seo Tho arm tendon reflexes 
wore present except tho right tncops There was slight tenderness of the 
calves Sensation was normal Ho was given aneurm by injection in tho 
following doses from tho first to the sixth day — 8 mg , 0 mg , 6 mg , 6 mg , 
6 mg , and 0 mg Ho also had aneurm and ascorbic acid by mouth On the 
third day the knee and anklo reflexes could not bo ehcited and on this day 
he began to get on evening rise of temperature Urine was passed in about 
normal quantities, but there was no change m the oedema On the fourth 
day tho blood-prcssuro was 130/76, but bj' the eighth day was up again to 
160/90 Fluid increased in tho ploural cavities and some was drawn off on 
tho fifth, ninth, and tenth days Dunng all this time he was bright and 
apparentlj’ well except for tho anasarca He had some tightness in the 
chest, cased b}' removal of pleural fluid On the night of the eighth day he 
was rather breathless On tho tenth day ho seemed much the same, but 
after an afternoon doze ho awakened with breathlessness and died in half an 
hour from acute pulmonary oedema 

Case 21 (Aged 62 years ) This patient returned to the camp about one 
week after the previous two cases Ho complamed of oedema for some weeks 
and this had been severe for 1 1 daj's There was some tightness in the chest 
and ho had been breathless on exertion for two days For five days before 
admission ho had passed very little unno, but this had improved on the last 
night He had been having loose stools, two to four a day, for three weeks 
His appetite was good and he did not feel really ill On exammation he was 
found to have severe oedema, specially affecting the legs, scrotum, and back 
There was some free fluid in the abdomen Tho heart was apparently normal 
except that the pulmonary second sound was a httle loud The pulse-rate 
was 70 blood-pressure 140/90 The tendon reflexes were bmk m 

the arms and legs He was given 20 mg aneurm mtravenously on the first 
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difBcult, in the majority the olmical manifestations suggested that the 
condition ivas distmct from heriben and it is hoped that this will be demon- 
strated The number of men sufEermg from oedema was far greater than the 
numbers given m Table III, which is taken from those referred m con- 
sultation It was usually extremely mild, hut accompanied by the annoying 
symptom of nycturia- No special observations have been made on nycturia, 
but it was common at this time, and later m the camp’s history, when 
oedema was also common, it was almost umversal 

In the majority of cases there was no other symptom than a mild oedema 
of the ankles and feet in the evemng In a few there was puffiness of the 
face and ascites In two cases at least a diuresis produced a fall in weight 
of over a stone which demonstrated the seventy of the pre-existing oedema 
One patient {Case 3) had headache and did not feel at aU well When first 
seen he had fairly severe oedema affectmg the legs and face and also some 
ascites His blood-pressure was 130/90 The knee and ankle reflexes were 
brisk. He rested m his room, but by the sixth day was feelmg worse and 
his blood-pressure was 160/90 On the eighth day the oedema was increasing 
and blood-pressure 140/90 He then took 1 mg of aneurm and 50 mg of 
ascorbic acid daily, but on the tenth day the oedema was worse and he was 
admitted to hospital and given 30 gr of potassium citrate three times a day 
There was an immediate diuresis and by the fourteenth day his weight had 
fallen by nearly 20 lb and the blood-pressure was 112/78 He received no 
other treatment, hut remamed fairly well though the diet did not improve 
for over two months It is improbable that the small dosage of aneurm 
would have produced this result, and taken with the other cases to be 
mentioned, the patient was not looked upon as a case of benberi The 
patient demonstrates two pomts noted m this senes, namely, the tendency 
for the blood-pressure to nse with the onset of oedema and the use of 
potassium salts m treatment There was a representative group of average 
mternees who were exammed at mtervals in order to obtam data about 
weights, blood-pressure, &o It was noticed by the medical men domg this 
work that onset of oedema was accompanied by a nse m blood-pressure To 
illustrate this point details of Case 1 are given below 


Date 

Weight (lb ) 

Pulse-rate 

Blood-pressure 

Oedema 

March 27 

168 

— 

101/72 

Absent 

April 6 

166i 

92 

95/75 

Absent 

,, 20 

174i 

86 

114/87 

Present 

.. 27 

181 

65 

140/90 

Present 


He was then admitted to hospital with fairly severe oedema The knee and 
ankle reflexes were present and the urme free from albumin He had no 
significant treatment other than complete rest and the oedema rapidly went 
down , the following readings were taken 


Date 
Slay 6 


Weight (lb ) 
108 
IGOi 


Pulse rate 


Blood-pressure 

130/90 

118/90 


100 
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high and the heart-rate about normal After aneunn treatment left heart 
failure developed, which was a sequel noted among the more definite cases 
desenbed earlier, but only one of the three survived Their comparative 
comfort and feeling of well-being when first seen seemed more in favour of 
a diagnosis of oedema from some other cause Vedder (1940) described the 
severe oedema that may occur first in the legs and then in the serous 
cavities Ho stated that pericardial effusion, pulmonary oedema, and hydro- 
thorax are more marked than ascites Cannon (1929) described the wet 
type of beriberi, but would look with suspicion on the diagnosis if the knee 
reflexes were present Yang and Huang (1934) in their series from Nankmg 
desenbed two interesting patients who were being treated w’lth the resources 
then available for cardiac beriberi when signs of peripheral neuntis developed 
and onlj‘ then did the reflexes disappear In the very acute cardiac beri- 
beri the knee and ankle reflexes may not be lost, ns in two of the earher 
patients lioro described, but tliesc last cases were not of such short duration 
Possiblv their confinement, leading to little u'c of the legs, delayed the 
onset of peripheral neuritis and their lack of exercise mnj' also have delayed 
the onset of acute heart 83 Tnptoms Naturallj’^ the death of two out of three 
internees returned to the camp from military custody caused much anxiety 
and questioning ns to the treatment Doubt was felt about the diagnosis 
of beriberi If the condition was not beriberi there was no indication for 
aneunn, but if it was then perhaps the rapid administration of the vitamin, 
bj’ increasing the strain on the loft heart m the manner I have already 
discussed, might in a person extremely ill-nounshcd and weak have preci- 
pitated the fatal attacks It was decided that should further similar cases 
occur, the vitamin would bo given m small doses, while the patient would 
be nursed w ith the utmost care and every effort made to improve his nutn- 
tion generally' Whether this would be the best treatment or whether much 
bigger doses of vitamin should bo used remains to be studied 

Scries 2 About the same time as the cases of benben occurred, oedema 
was common in the camp and, hko the benben, disappeared when there was 
an improvement m the diet in July 1942 The mcidence of the two groups 
is shown in Table III While there were a few cases where diagnosis was 


Table III 


Monthly Incidence 


Month 


Benben 


Nutntional oedema 


March 

Apnl 

May 

June 

July 

August 

September 


0 

0 

3 

7 

6 

0 

0 


1 

6 

10 

8 

11 

6 

1 


(The times given are irhen first exammed This is fairly 
close to the date of onset of definite symptoms and the 
exact date of onset of oedema was too unreliable to use ) 
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oedema here described started in some cases much earber than this and, in 
these early cases, no evidence of peripheral neuritis or other typical signs of 
benberi developed, although no aneunn was given and the diet did not 
improve until the second half of July At least one patient developed 
oedema in spite of adequate prophylactic doses of aneurm The sight 
cardiovascular changes noted were not those of beriben, and improvement 
occurred without vitamm therapy The suggestion might be put forward 
that these were in a very early stage of the type of wet benberi exemplified 
by the last three cases of Series 1, but it is difficult to support any diagnosis 
of beriben where only one of the three cardmal symptoms of peripheral 
neuritis, oedema, and heart failure are present No tests with aneurm were 
carried out because of the small stocks available The level of protem m the 
diet was not so low that it could lead to hypoprotemaemia m a previously 
weU-fed community, and it was concluded that the cause must he in the 
change of diet or m some unknown deficiency or imbalance 

Series 3 The remamder of the cases of oedema wiU be discussed here 
After the outbreak descnbed above there was httle oedema durmg the rest 
of 1942, nor did it occur to any degree m 1943 In May 1944 the camp 
was moved to a new site and the poor food about this tune and the extra 
energy used m the removal provoked a mmor outbreak of oedema From 
this time until the camp broke up early in September 1946 oedema was 
fairly common but rarely severe The moidence was not estimated, but 
durmg the last few months it was m a minor degree almost universal 
Usually it was only a httle oedema of the feet and shms towards evening, 
and after the patient had passed urme a number of times durmg the night 
had disappeared m the mormng Three or four severe cases were in hospital 
at the end of mternment One of these whose oedema had moreased m spite 
of taking multiple vitarmn tablets had a blood-pressure of 100/70 The 
tendon reflexes were present Unfortunately other detailed records of these 
severe coses are not available The oedema was worst m the dependent 
parts, such as the legs and scrotum, and one patient at least had consider- 
able ascites Treatment was very difficult One patient had a senes of daily 
injections of aneunn 6 mg without benefit Two developed diarrhoea which 
interfered with feeding Mercurial diuretics produced a temporary mcrease 
in the flow of urme, but did not really help Efigh-protem diet was not 
given an adequate tnal while the patients were under my care Most of the 
mild cases seen had oedema as a compbcation of some other complaint In 
some, low blood-pressures were noted, but m at least half they were normal 
Potassium salts seemed of some value m treatment, but less than m the 
previous series A test was earned out by Dr J P Garble at this time 
which 18 of some interest m relation to this oedema Pour groups of seven 
men were taken The first group had apparently no oedema and was given 
an ounce of salt daily for a week There was a significant nse m weight and 
m some cases oedema A second group of similar patients were used as 
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Following the oxpononco of Hawes and Vardy (1936) m Malaya in the 
control of oedemn in nephrosis by the administration of potassium salts, 
this treatment was tried in these eases of nutritional oedema The dosage 
given was 30 gr three times a day Other instruetions given to patients 
wore to rest u ith the feet up ns much as possible and avoid excess sodium 
chloride and fluid Examples of sueeessful treatment arc given in Table IV 


Table IV 
Nutnttonal Oedevm 


Case 2 

Day 

Weight (lb ) 

Pulso-rnte 

Blood pressure 

Trentmont 

Ist 

103 

— 

140/80 

Ascorbic ncid and 

15th 

150* 

04 

120/70 

reduction in salt 
intake 

23rtl 

150i 

— 

— 

Potassium citrate 

32nd 

150j 

70 

04/00 

— 

Case 4 

(Ho rclnpsoil 0 ucoks Inter just before diet 

improiod ) 

Ist 

1551 


140/76 

Potassium acetate 

Sth 

140J 

— 

118/68 

— 

Case 5 

Ist 

lOSJ 

— 

165/85 

Potassium acetate 

Cth 

103 

— 

120/05 

— 

Case C 

Ist 

no 

00 

100/86 

Potossium acetate 

71 h 

108 

70 

140/80 

__ 


(Tins patient Iiad a \orv forcible notion of the Jicart nnd tnehjeardm nt first ) 


Case 7 



1871 

88 

140/00 

Potassium ohlondo 

lOtli 

1831 

88 

120/70 

— 

Case S 

Ist 

105 

48 

125/70 

Potassium citrate 

5th 

168J 

— 

120/76 

— 

(This 

man had taken some nnounn enrlior in mtomment, hut the qunntitj 

IS unknown ) 

Case 9 

1st 

178 

00 

135/82 

Potassium citrate 

Sth 

1C4J 

00 

132/76 

— 

nth 

1601 

00 

no/os 

— 


(The hietory of oedemn in this enso was onlj three days The patient was in the 
habit of tnking a little more sodium ohlondo than other internees He had also taken 
prophylnctvo nnounn nnd ascorbic ncid In the case of the former tins hod amounted to 
about 1 mg dailj' during mtomment ) 

Since this oedema occurred at the same time as tj'pioal benben it is 
necessary to review the points in the differential diagnosis The first oases 
of benben dated their symptoms from the middle of May, that is, after three 
months’ internment This is m keeping with the observation of Fraser and 
Stanton (1909) that benben did not occur in any of their patients who had 
been on white nee for a period less than 87 days The form of nutritional 
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MEPACRINE AND PALGIPARUM MALARIA^ 

By JAMES REED 
Introduction 

The entry of Japan into the World War m 1941 soon created an emergency 
in malana control, for onr armies had to campaign in highly malarious parts 
of the nrorld while onr mam natural resources of quinme were no longer open 
to us The emergency was met, firstly, by collectmg and conservmg all 
available stocks of qumme, and secondly, by the concentrated effort of our 
chemists to find and manufacture an efficient sjmthetic substitute. This 
latter work went on simultaneously both in Bntam and m the United States 
of America Before the war, German chemists had produced the synthetic 
drug atebrm, which was quickly proved to be effective in the treatment of 
the mam types of malana, and probably even supenor to qumme m the 
prevention of the disease (Bull Health Organ , League of Nations, 1937) 
However, reports of senous tone reactions after its use enjomed some caution 
(Kingsbury, 1934 , Field, Niven, and Hodgkm, 1937), and before the war 
atebnn had by no means superseded quinme The pressmg need for an anti- 
malanal drug led to attempts to manufacture a substitute on a large scale, 
and Imperial Chemical Industnes produced mepaerme which was claimed to 
be the same as German atebrm The same drug, produced m Amencan 
laboratones, was first named atabrme and later qumaerme Mepaerme was 
available for tnal m the British Army early m 1943 when the investigations 
to be desenbed were also begun The objects of the experiments were to 
assess the value of mepaenne as a preventive of falciparum (mahgnant tertian 
or subtertian) malana, to detenmne its optimum dosage, and to discover the 
margm between effective therapy and the production of toxic effects 

Older methods of mvestigatmg the therapeutic action of a new drug 
generally took a long time, as they mvolved givmg progressively mcreasing 
doses of the drug to a large number of patients suffenng from the disease for 
which a remedy was sought Moreover, this method always suffered from 
the drawback of the great vanation in mdividuals both as regards absorption 
of the drug and the clmical response to treatment In 1943 speed was every- 
thing and only a small number of volunteers was available for therapeutic 
tnals A different hue of approach was clearly essential and a clue had 
fortunately been given by recent extensive studies of the sulphonamides It 
was recognized that to ensure an effective therapeutic response a certain 
concentration of sulphonamide m the blood and body flmds must be reached 
and mamtained Estimation of sulphonamide concentration m body fluids 
‘ Received November 29, 1946 
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controls A third group uho had ocdomn in tho evenings received aneunn 
1 mg bj' injection daily for one veek, and a fourth group similar to the 
third was used as control There was no significant change in weight m these 
last three groups Clinical records are inadequate to allow of discussion of 
this senes, but it is probable that tho oedema was duo to hypoprotomaeniia 
A long-continued diet of poor quantity and quahty was having its effect 

To complete this survey one must record tho results of increased diet at 
tho end of hostilities At first tho diet was increased largely by tho addition 
of rice In manj’ men oedema became worse at this time Later, on the 
voyage to England when multiple vitamin tablets wore being taken and the 
diet V as high in protein, a few men not proviouslj' much affected by oedema 
shoM ed considerable swelling of tho ankles 

I am indebted to tho many medical colleagues who worked with mo m tho 
Singapore Intommont Camp, and particularly to members of tho Medical 
Reference Committee of tho camp who supplied particulars of the diet and 
other information Permission to publish has been kindly granted by 
Dr W J Vickers, Acting Director of Medical Services, Singapore 

Sumynanj 

1 Three senes of cases of oedema in an intcmracnt camp are described 

2 The first senes of cases consisted of those diagnosed as beriberi They 
uero much less common than cases of oedema from other nutritional causes 
Most of tho beriberi oases occurred m a period when the supply of vitamin 
Bj vas low The other patients developed their disease while outside the 
camp The clinical features are described and the diagnosis discussed 

3 Tho second senes of cases occurred at the same time as the beriberi, 
but tho clinical appearances -nore sufficiently different from beriberi to lead 
to the diagnosis of nutritional oedema from some unknown cause 

4 The third senes occurred towards the end of internment and were 
probablj' due to hjqioprotoinacmia 
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All observations were made on bealthy volunteers so that unreliable results 
from marked variation in leucocyte count were not expected, but as an addi- 
tional check on the blood mepaonne values, unnary mepaerme was also 
estimated It was found by experience that the single-extraction method of 
Brodie and Udenfnend (1943) was reliable for both blood and urinary mepa- 
crme estimations This method mvolved extracting the drug from blood 
into ethylene dichlonde, separatmg the ethylene diohlonde and washing with 
alkah, and then measurmg the fluorescent intensity of mepaonne m acidified 
ethylene dichlonde solution The method had a high degree of specificity 
associated with excellent extraction recovenes (Brodie and Udenfnend, 1943). 
Tnphcate estimations from the same sample of blood mdicated that the 
constancy of the results was satisfactory (Table I) Later, a Coleman fluori- 
meter was obtamed from Amenca which enabled a direct companson of blood, 
plasma, and unnary mepacrme levels to be made on groups of healthy 
volunteers When the plasma mepacrme was more than 20 nucrograms {[ig ) 
per litre, the blood, urme, and plasma mepacrmes were directly related to 
one another (Pig 1), but when the plasma values were less than 20 /ig per 
litre, blood and unnary mepacrme levels contmued to be closely related, 
though plasma values bore no constant relation to either (Fig 2) Smce a 
plasma mepacrme level of 20 /ig per htre is about the mean value of a group 
of healthy mdmduals taking the usual suppressive doses of 0 1 gm of mepa- 
cnne daily, it was concluded that blood mepacnne offered the mibst rehable 
mdex to assess the antimalanal action of the drug m healthy volunteers 


The Chemotherapeutic Action of Mepacnne in Falciparum Malaria^ 
Fifty-five healthy volunteers takmg different doses of mepacrme were 
inoculated with sporozoites of falciparum malana to assess the value of the 
drug as a preventive of malana , m seven experiments an Itahan stram of 
the parasites was used, in 48 a Roumaman stram Fifty volunteers were 
infected by exposure on one to four occasions to the bites of mosquitoes whose 
sahvary glands contamed numerous sporozoites The other five subjects 
were Infected by intravenous mjection of a sporozoite-gland-suspension m 
Locke’s solution An untreated control volunteer who had not previously 
been exposed to malana was inoculated along with each group of volunteers 
takmg mepacrme to ensure that the mosquito bites and sporozoite-gland- 
suspensions were active Without exception the controls developed a frank 
attack of malana with parasitaemia seven to 14 days after sporozoite mocu- 
lation, so that absence of malana m the volunteers takmg mepacnne was 
attnbuted to the action of the drug 

= This part of the investigation was earned out in collaboration with K Mellanby, 
W D Niool, and P G Shuto The majority of the volunteers were members of the 
Friends’ Ambulance Umt and Pacifists’ Service Umt and were recruited and organized 
Mellanby Mr P G Sliute prepared batches of infected mosquitoes, moculated 
the volunteers with malana, and exammed all blood-films for parasites Dr W D. 
Nicol was responsible for the treatment of the volunteers who developed malana 
lQm.l,eTr3eiiMKo,02] q 



62 


QUARTJERLY JOURNAL OF MEDICINE 


■wnB found to bo an effective mctliod of controlling treatment This technique 
wnfi now to bo applied to mepnerino, and various pointers suggested that it 
was on the right lines James (1934) concluded that atebrin must act directly 
on the malarial parasites because of the rapid changes observed in them soon 
after administration of the drug to patients with malaria Shannon, Earle, 
Brodio, Taggart, and Berliner (1944), working with the new American ata- 
brino, stated that if the drug acted directly on malanal parasites the action 
was probably related to the concentration of the drug in the plasma It was 
thus decided to investigate the relation between the concentration of mepa- 
crinc m the blood and its action ns a malarial preventive in healthy volunteers 
who had been inociilntod with spororoites of falciparum mnlarin 

Mepaenne Eslmalions tn Body Fluids 
Tlie early uork of Shannon, Earle, Brodic, Taggart, and Berlmer (1944) 
demonstrated that the concentration of mepaenne was much greater m cells 
than plasma They found that the concentration of mepaenne m leucocytes 

Table I 

Triplicate Estimation of Blood Mepaenne 
(Single Extraction Method of Brodio and Udenfnend, 1943) 

Blood mopoonno (jig per litre) 


Sample 

1 

2 

3 

Mean 

1 

71 

71 

CO 

69 

2 

70 

05 

73 

09 

3 

07 

80 

07 

71 

4 

7C 

71 

79 

76 

5 

80 

80 

93 

84 

0 

93 

93 

80 

88 

7 

87 

91 

87 

88 

8 

84 

100 

84 

89 

0 

84 

107 

84 

82 

10 

131 

138 

123 

130 

11 

137 

133 

137 

135 

12 

280 

291 

280 

286 


was more than 400 times that in plasma, and oven in plasma 80 to 90 per 
cent of the drug was probably ‘bound’ to protein In view of the high 
concentration of the drug in leucocytes, the American workers advocated 
plasma mepaenne estimations rather than whole blood estimations, because 
marked variation m the leucocyte count might give unreliable results when 
estimations were made with whole blood The method of estimation mtro- 
duced by Brodio and Udenfnend (1943) and used by us required a sensitive 
fluonmetor of the Coleman type When our work started no suitable fluon- 
meter was available in Britain capable of determinmg the minute quantities 
of mepaenne in plasma that resulted from the small doses of the drug required 
to prevent malana We had therefore to make use of the high concentration 
of mepaenne in leucocytes, and estimate the level of the drug in whole blood, 
to enable us to be well withm the range of sensitivity of a Hilger fluonmeter 
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aot requirmg bed-treatment to inoapaoitatmg reactions that were mdistin- 
gmshable chnically from an acute attack of malana The minor effects were 
mamly malaise and headache often diagnosed by the men themselves as the 
‘start of a cold in the head’, but a nasal discharge, the usual sign of acute 
coryza, did not appear The severe reactions were characterized by sensations 



of cold followed by feelings of warmth, accompanied by occipital headache, 
pain behind the eyes, and pain in the neck, back, and hmbs All grades of 
seventy between minor and severe reactions were encountered A complete 
explanation of the transient fever was obviously desirable Had it anything 
to do with malaria or was it due to some intercurrent infection 1 The possi- 
bility of an intercurrent infection was first considered, but no common 
complamt m Britain without localizmg signs in the chest or elsewhere fitted 
into the symptomatology Moreover, the incidence of the fever was the same 
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Jicachons lo sporozoite vwcnlahon of volunteers taking mepaenne. Thirteen 
of the 66 volunteers developed malaria with parasitaemia nine to 24 days 
after sporozoite inoculation Twenty others had a curious transient fever at 
the same interval after sporozoite inoculation, but parasites were not found 
after careful search of thick blood-films The remaining 22 volunteers were 



Fio 1 Tho moan blood, plasma, and urmarj' mepaormo o£ a group 
of eight healthy soldiers who were given an initial dose of 0 6 gm of 
mepaenne followed bj daily doses of 0 3 gra for throe days 


symptom-free and had no fever in the three months after sporozoite mocula- 
tion The transient fever, in which the temperature ranged from 100° to 
103°F, requires special consideration In 16 volimteers it was only of one 
day’s duration and was characterized by a rapid rise to a peak and an equally 
rapid fall In five other instances the fever was remittent or mtermittent 
and two or three temperature peaks were recorded over two to six days 
The symptoms accompanymg this fever varied m seventy from minor effects 
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or four -sveeks afterwards, but at the same time they brmg out the difficulties 
and limitations of assessmg the value of the drug on the simple basis of dosage 
by mouth It is true that the number of volunteers m each group was too 
small to allow firm conclusions to be drawn, but even more unsatisfactory is 
the absence of explanation of why some volunteers remamed symptom-free. 



Fig 3 The blood mepacrme levels of four volunteers. A, B, C, and D, at 
intervals m the incubation period of falciparum malaria are shown A high 
blood level of the drug eight to 12 days after sporozoite moculation was more 
important m preventmg malaria and transient fever than a high level just 
after moculation 

some developed malaria, and some transient fever, when all were receiving 
the same doses of the drug It was obvious therefore that simple dosage 
experiments had a hmited value, so observations on blood levels of mepacrme 
were also made 

Blood mepacrme levels m relation to the prevention and occurrence of malaria 
Blood mepacrme levels of 27 volunteers takmg the drug were estimated at 
mtervals after sporozoite moculation by the smgle-extraction method of 
Brodie and Udenfnend (1943) Samples of blood were always taken 24 hours 
after the daily dose of mepacrme so that the mi nim um daily blood-levels 
might be determined The volunteers were divided into groups who took the 
same doses of the drug and were inoculated with sporozoites at the same 
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in -winter and summer, and other volunteers, not yet experimentally mocu- 
lated but li-vong under exactly the same conditions, were unaffected From 
the fact that the transient fever occurred just at the interval after mooulation 
•when agenume attack of malaria would be expected, the pronsional mference 
was drawn that the fever was actually malaria suppressed by mepaonne 
Experimental proof that this inference was correct was provided by the 
successful transmission of malaria with obvious parasitaemia to a volunteer 
by injection of blood taken at the onset of transient fever The occurrence 
of transient fever m volunteers inoculated with sporozoites and treated with 
mopnermo, and the correct interpretation of its sigmhcance, is a matter of 
great practical importance The experimental facts suggest strongly that 
many of the short fevers which were so frequent among our troops who were 
taking mepaenne daily and wore campaigning in highly malanal regions 
were really suppressed attacks of malaria 

Dose of mepaenne in relation to the prevention or occurrence of malaria Four 
groups of volunteers taking different doses of mepaenne were inoculated with 
sporozoites of falciparum malaria Two groups were given 0 1 gm of mepa- 
crine daily for three to four weeks after sporozoite inoculation Dosage 
started on tho day of sporozoite inoculation in one group, while m the other 
group dosage had begun one month before inoculation The other two groups 
were given a loading dose of 1 0 gm m the three days precedmg sporozoite 
inoculation, followed by 0 1 gm daily for two to five days and for 22 days 
respectively after inoculation The loading dose was divided as follows, 
0 1 gm on tho first day, 0 3 gm on the second, and 0 6 gm on the third 
By these experiments it was hoped to decide whether there was any advan- 
tage in givmg mepaenne before sporozoite inoculation, and whether admmi- 
stration of tho drug must be continued after inoculation m order to prevent 
malaria The results were ns follows 

Group 1 Six volunteers were given 0 1 gm of mepaenne daily for 20 days 
The first dose was given on the day of inoculation -with sporozoites Two 
volunteers developed malaria, two had transient fever, and the other two 
had no reaction 

Group 2 Twenty-five volunteers were given 0 1 gm of mepaorme daily 
for about a month before and for one month after sporozoite moculation 
One volunteer had malana, 11 had transient fever, and 13 remamed 
symptom-free 

Group 3 Five volunteers were given a loading dose of 1 0 gm of mepa- 
enne in the three days precedmg sporozoite inoculation and 0 1 gm daily 
for the next two to four days All five developed malana 

Group 4 Seven volunteers were given a loadmg dose of 1 0 gm of mepa- 
enne in the three days precedmg sporozoite inoculation and 0 1 gm daily for 
the next 22 days Two had transient fever and five had no reaction Malana, 

did not occur x 

These expenments suggest that the best way to prevent malana is to start 
mepaenne dosage before expenmental moculation and contmue it for three 

30342. 
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or four weefes afterwards, but at tbe same time they bnog out the difficulties 
and limitations of assessing the value of the drug on the simple basis of dosage 
by month It is true that the number of volunteers m each group was too 
small to allow firm conclusions to be drawn, but even more unsatisfactory is 
the absence of explanation of why some volunteers remamed symptom-free. 



Fio 3 The blood mepacrme levels of four volunteers. A, B, C, and D, at 
intervals m the incubation period of faloiparuin malaria are shoivn A high 
blood level of the drug eight to 12 days alter sporozoite inoculation rvas more 
important in preventing malaria and transient fever than a high level just 
after moculation 

some developed malaria, and some transient fever, when all were receiving 
the same doses of the drug It was obvious therefore that simple dosage 
experiments had a limited value, so observatious on blood levels of mepacrme 
were also made 

Blood mepacnne levels \n relaUojt to the prevention and occurrence of malana 
Blood mepacnne levels of 27 volunteers takmg the drug were estimated at 
mtervals after sporozoite moculation by the single-extraction method of 
Brodie and Udenfnend (1943) Samples of blood were always taken 24 hours 
after the daily dose of mepacnne so that the mnumum daily blood-levels 
might be determined The volunteers were divided into groups who took the 
same doses of the drug and were inoculated with sporozoites at the same 
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m winter and summer, and other volunteers, not yet experimentally inocu- 
lated but Imng under exactly the same conditions, were unaffected From 
the fact that the transient fever occurred just at the interval after inoculation 
when a genume attack of malaria would be expected, the provisional inference 
was drawn that the fever was actually malaria suppressed by mepaonne 
Experimental proof that this inference was correct was provided by the 
successful transmission of malaria with obvious parasitaemia to a volunteer 
by injection of blood taken at the onset of transient fever The occurrence 
of transient fever m volunteers inoculated with sporozoites and treated with 
mepacrine, and the correct interpretation of its sigmficance, is a matter of 
great practical importance The experimental facts suggest strongly that 
many of the short fevers which were so frequent among our troops who were 
taking mepacrine daily and were campaigning in highly malarial regions 
were really suppressed nttaeks of malaria 

Dose, of mepacrine in relation to the prevention or occurrence of malaria Four 
groups of volunteers taking different doses of mepacrine were moculated with 
sporozoites of falciparum malaria Two groups were given 0 1 gm of mepa- 
orine daily for three to four weeks after sporozoite inoculation Dosage 
started on the day of sporozoite inoculation in one group, while m the other 
group dosage had begun one month before moculation The other two groups 
were given a loading dose of 1 0 gm m the three days precedmg sporozoite 
inoculation, followed by 0 1 gm daily for two to five days and for 22 days 
respectively after inoculation The loading dose was divided as follows, 
0 1 gm on the first day, 0 3 gm on the second, and 0 6 gm on the third 
By these experiments it was hoped to decide whether there was any advan- 
tage in givmg mepacrine before sporozoite inoculation, and whether adimm- 
stration of the drug must be continued after inoculation m order to prevent 
malaria The results were as follows 

Group 1 Six volunteers were given 0 1 gm of mepaerme daily for 20 days 
The first dose was given on the day of inoculation with sporozoites Two 
volunteers developed malaria, two had transient fever, and the other two 
had no reaction 

Group 2 Twenty-five volunteers were given 0 1 gm of mepaonne daily 
for about a month before and for one month after sporozoite inoculation 
One volunteer had malana, 11 had transient fever, and 13 remamed 
symptom-free 

Group 3 Five volunteers were given a loading dose of 1 0 gm of mepa- 
crine in the three days precedmg sporozoite inoculation and 0 1 gm daily 
for the next two to four days All five developed malana 

Group i Seven volunteers were given a loadmg dose of 1 0 gm of mepa- 
crine in the three days precedmg sporozoite inoculation and 0 1 gm daily for 
the next 22 days Two had transient fever and five had no reaction Malana, 

did not occur ^ 

These experiments suggest that the best way to prevent malana is to start 
mepaonne dosage before experimental moculation and contmue it for three 

30342. 
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or four weeks afterwards, but at the same tune they bring out the difficulties 
and hmitations of assessmg the value of the drug on the simple basis of dosage 
by mouth It is true that the number of volunteers in each group was too 
small to allow firm conclusions to be drawn, but even more unsatisfactory is 
the absence of explanation of why some volunteers remamed symptom-free, 



Fia 3 The blood mepaonne levels of four volunteers. A, B, C, and D, at 
mtervalfl m the mcubation period of falciparum malaria are shown A high 
blood level of the drug eight to 12 days after sporozoite mooulation was more 
important m preventmg malaria and transient fever than a high level just 
after mooulation 

some developed malaria, and some transient fever, when all were receiving 
the same doses of the drug It was obvious therefore that simple dosage 
experiments had a hmited value, so observations on blood levels of mepaorme 
were also made 

Blood mepacnne levels in relation to the prevention and occurrence of malaria 
Blood mepaorme levels of 27 volunteers takmg the drug were estimated at 
mtervals after sporozoite mooulation by the smgle-extraotion method of 
Brodie and Udenfnend (1943) Samples of blood were always taken 24 hours 
after the daily dose of mepaonne so that the minimum daily blood-levels 
might be determmed The volunteers were divided into groups who took the 
same doses of the drug and were moculated with sporozoites at the same 
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time The relation between blood mepaerme and the prevention or occur- 
rence of malann was investigated by comparing the levels of mepaorme m 
the blood of volunteers who developed malaria with those of volunteers who 
escaped the disease In a preliminary experiment it was found that the 
blood mopaonne level at the time of sporozoite inoculation had no significant 


Table U 


Blood Mepaenne and Malana 



Total 

Malana cases 


Others 

Group 

number of 

Number 

Blood mepaenne 


Blood mepaenne 

1 oluntcors 

(pg per litre) 

Number 

(pg per litre) 

A 

0 

1 

77 

6 

160, 230, 264, 226, 

B 





337 

3 

2 

63 

1 

113 




CO 



C 

8 

0 

10 

2 

100, 120 




20 






20 






40 






40 






G4 



D 

3 

1 

20 

O 

220, 260 

E 

2 

O 

20 

0 





70 



F* 

0 

0 

— 

6 

220, 360, 300, 310, 


286 (7 doye) 

— 480, 448, 240, 
620 (14 days) 

248, 680, — 420, 
408 (20 days) 

• Group F had no malanas, but the blood levels at seven days, 14 days, and 20 days 
after infection are shoirn for comparison with the others It will be noted that the 
levels at these times were always more than 100 pg per litre 

influence on the course of events, but the levels towards the end of the 
expected incubation penod decided whether or not malana supervened 
(Fig 3) The blood mopaennes of the malarias m each group of volunteers, 
just before the onset of fever, were invariably much lower than the levels in 
the volunteers who escaped the disease (Table II) The levels m the 12 
malanas ranged from 10 to 77 pg per litre, the levels m the other volunteers 
ranged from 100 to 337 pg per btre It thus seemed clear that malaria 
prevention depended on the level of mepaenne in the blood just before the 
onset of the disease, and that a level of at least 100 pg per btre must be 
maintained for effective suppression of the disease 

With regard to transient fever, some mteresting facts emerged in relation 
to the blood mepaerme levels When these febnle attacks were first noticed 
in our volunteers their significance was not appreciated, and only a few 
blood mepaenne estimations were made because previous work had suggested 
that vanation in leucocyte count durmg fever might mvabdate the results 
However, when the blood mepaenne levels were compared m the same 
volunteer before and after transient fever it was foimd that the nearer to the 
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actual onset of fever that estimations were made the lower were the blood 
mepacnne levels and, conversely, the nearer to the day of subsidence of fever 
that observations were made the higher were the blood mepacnnes (Table HI) 
The rise m blood mepacrme mduced by fever suggested at once the following 
explanation for the self-hnutmg character of, transient fever In both frank 


Table III 


Blood Mepacnne and Fever 


Before fever Blood mepacnne 
Volunteer Number of day(s) (/ig per btre) 

1 1 16 

2 1 52 

3 2 62 

4 3 150 

6 6 224 


After fever 
Number of day(s) 
6 

2 ' 

2 

1 

2 


Blood mepacrme 
(fig per btre) 

100 

228 

100 

288 

760 


malaria and transient fever the blood mepacrme is sufBoiently low before the 
onset of fever to allow parasites to develop In malaria the blood-level 
contmues to remam low and parasitaemia becomes obvious In transient 
fever the blood mepacnne nses to a level that is lethal to parasites and so 
fever qmckly subsides and parasites are not found m blood-films 

The cause of the rise in blood mepacrme durmg fever also required explana- 
tion and several possibihties were considered, (1) increased absorption of the 
drug during fever, (2) leucocytosis during fever, and (3) alteration m the 
partition of the drug between the blood and tissues Increased absorption 
was ruled out because the nse m blood mepacrme occurred m some volunteers 
several days after the last dose of the drug had been given A febrile Jeuco- 
cytosis was also ehmmated as a major cause because similar changes m both 
urmary and plasma mepacrme were found to accompany fever m two other 
volunteers The rise m blood mepacrme durmg fever was therefore thought 
to be due to an alteration of the partition of the drug between the blood and 
tissues In other words, the blood mepacrme mcreased at the expense of the 
tissue stores of the drug as a result of the fever 

The efficacy of routine Army dosage for malaria prevention The expenments 
already reported have shown that for the prevention of malaria m our 
volunteers a mimmum blood mepacrme level of 100 pg per btre, just before 
the onset of malaria, was required When the actual onset of malaria cannot 
be predicted, as with natural infections m the field, a mimmal daily blood- 
level of 100 pg per litre must be mamtamed for the effective control of the 
disease The routme dose of mepacrme employed by the Army for this pur- 
pose was 0 1 gm daily An estimate of the eflBcacy of this regime was made 
by givmg this daily dose to 1 1 volunteers and estimating the resulting blood 
and urinary mepacnne levels for a prolonged period Observations were 
made continuously on 11 men for two months, but then the total number 
available diminished until after five and a half months only four of the 
Original 1 1 volunteers remained Samples of blood for mepacnne estimations 
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were taken immediately before the daily dose of drug, and urinary mepa- 
onnos wore determined in the unnc excreted in the three hours immediately 
preceding the daily dose The individual results are shown m Figs 4 and 6 
There was considerable variation in the blood and urmary mepaonnes of 
different individuals, but those with high blood mepacnne levels tended to 



Days 

Fio 4 The mdIv^dual blood mepoorino lovols and the mean level of a group of 
voluntoere who were given 0 1 gm of mepacnne daily 

have high urmary levels, and those with low blood-levels tended to have low 
urmary levels, so that the mean values of the group reflected the changes m 
each individual fairly accurately The mean blood mepacrme level moreased 
each day until a peak level of 107 fig per btre was reached on the 16th day 
of dosage The level then fell to 109 fig per hire on the 22nd day and m- 
creased to reach a second peak of 216 fig per btre on the 29th day There- 
after, in spite of the contmuoua mepacrme admmistration it feU to 93 pg 
per btre on the 63rd day From then onwards a fairly stable level was 
maintamed rangmg from 100 to about 130 fig per btre Similar changes 
were observed m the mean urinary mepacrme of the group, except that the 
first peak level was higher than the second This was largely due to an 
abnormally high urinary mepacrme value m one subject at the time of the 
first peak Over the period of investigation about one-third of the blood 
mepacnne values were less than 100 /xg per btre, so that m the light of the 
previous conclusion that a mmimal daily blood mepacnne level of 100 /xg 
per litre is necessary to prevent malana, a high incidence of transient fever 
(specially after the first seven weeks of dosage) would be expected m men 
contmuously exposed to mfection This view agrees with our actual findings 
m 26 volunteers who took 0 1 gm of mepacnne daily for about a month 
before and after expenmental mooulation with sporozoites One volunteer 
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developed malana, 11 had tranBient fever, and 13 remained symptom-free 
The experiments therefore suggest that the routme daily dose of 0 1 gm of 
mepacnne, while it confers a considerable degree of protection from malana, 
IS not ideal A larger daily dose of mepacnne, if weU tolerated, would raise 
the blood mepacrme level and would be expected to ehmmate transient fever 



Daqs 


Fig 6 The individual urinary mopaormo levels and the mean level of a group of 
volunteers who were given 0 1 gm of mepacnne dady 

or at least reduce its moidence to insignificant proportions Unfortunately, 
no real estimate of the incidence of transient fever in soldiers taking the 
routme dose of mepacnne for malaria prevention m the recent war is possible 
Notification of all pyrexias m the field were made from hospitals, and as 
difficulties of commumcation were a major problem m the Far East, the 
majority of transient fevers probably cured themselves on the way to hospital 
and so were not notified Moreover, patients were detained m hospital for 
48 hours before notifications were made so that they had an additional two 
days m which to get well A pomter to the senousness of the problem may 
be gleaned from the need to create Malana Forward Treatment Centres for 
the treatment and disposal of ‘ pyrexias of unknown origin ’ 

The most important observation in this part of the mvestigation was the 
fall in blood and urinary mepacnne levels in spite of contmuous admimstra- 
tion of the drug This observation imphed that after a time the drug was 
no longer bemg satisfactorily absorbed from the mtestine or that the process 




72 


QUARTERLY JOURNAL OF MEDICINE 

of degradation of the drug m the body was accelerated These implications 
were of obvious practical importance and led to investigations of the fate of 
the drug in the bod}' 

The fate of Tiicpacfine 171 the body The amounts of mepaenne absorbed 
from the mtestine during the first six days of dosage, and after the drug had 

Table IV 


Blood, Unite, and Faecal Mepaennes after Prolonged Admtntslralton 
of 0 1 gm of the Dnig Daily 



Blood, nnno, and 



Day of dosage 



Volunteer 

fnocnl mopnennes 

6^ 

04 

05 

06 

67 

08 

1 

Blood ;ig por litre 

ICO 

100 

132 

100 

168 

160 


Urine mg por litre 

39 

3 9 

2 2 

1 2 

26 

21 


Urine mg per 24 lira 

67 

10 1 

32 

42 

6 1 

38 


Faeces mg per 2t lirs 

18 6 

61 6 

42 0 



23 0 

35 6 

0 

Blood /ig por litre 

SO 

100 

120 

132 

100 

64 


Urine mg per litre 

20 

4 7 

1 4 

09 

22 

1 6 


Urine mg per 24 hrs 

6 8 

00 

2 7 

1 9 

29 

3-6 


Faeces mg por 24 lira 

107 

34 3 

40 0 

IS 7 



33 3 

3 

Blood /ig per litre 

SO 

— 

132 

no 

80 

no 


Unne mg por litre 

36 

4 7 

1 9 








Urine mg per 24 hrs 

11 0 

7 0 

3 6 

— . 





Faeces mg per 24 hrs 

17 3 

62 0 

38 3 

33 3 

22 2 

14 3 

4 

Blood pg por litre 

80 

04 

100 

80 

100 

72 


Urine mg por litre 

1 7 

22 

1 1 

1 3 

1 2 

1 3 


Urine mg por 24 lira 

2 2 

2 1 

3 9 

1 6 

3 7 

2 1 


Faeces mg por 24 hrs 

— 

30 1 

30 0 

20 0 

210 

16 3 

5 

Blood ;ig per litre 

110 

80 

100 

110 

no 

80 


Urine mg per litre 

24 

66 

1 4 

1 1 

2 0 

1 3 


Urine mg per 24 hrs 

44 

4 0 

2 0 

33 

4 7 

30 


Faeces mg por 24 hrs 

27 

36 0 

15 1 

34 4 

20 0 

38 6 

C 

Blood ;ig per litre 

80 

80 

120 

80 

— 

72 


Urine mg psr litre 

— 

— 

1 1 

1 2 

1 8 

1 1 


Unne mg por 24 hrs 

— 

— 

2 9 

29 

49 

43 


Faeces mg por 24 hrs 

10 5 

— 

61 0 

16 4 

18 4 

17 7 

7 

Blood fig por litre 

100 

72 

120 

— 

— 

80 


Urine mg por litre 

20 

3 0 

1 9 

1 0 

2 9 

24 


Urine mg pier 24 hrs 

46 

11 0 

2 7 

1 0 

60 

36 


Faeces mg per 24 hrs 

93 

19 0 

— 

54 6 

22 0 

29 0 


been taken for about two months, were compared by estimatmg the mepa- 
enne m the faeces of two groups of volunteers who took 0 1 gm of the drug 
daily during the test One group of four men was taking the drug for the 
first time and the total amounts of mepaenne in the faeces in six days were 
8 6, 11 8, 20 0, and 41 1 mg respectively The other group of men had taken 
0 1 gm of mepaenne daily for 62 days preoedmg the test and the blood 
mepaennes of all had fallen to relatively stable levels m spite of continuous 
administration of the drug The faecal mepaennes were 114 6, 119 4, 131 8, 
146 3, 167 0, 167 0, and 172 2 mg respeetively More mepaenne was there- 
fore present m the faeces after the drug had been taken for about two months 
than dunng the first six days This suggested that less mepaenne was 
absorbed after prolonged admimstration of the drug than durmg the early 
days of dosage The next step was an attempt to obtam mformation on the 
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importance and extent of degradation of mepacrme in the body Daily blood 
mepacnne levels and the total amount of the drug excreted m the urme each 
day were estimated along with the faecal mepacnnes of the seven men who 
had taken the drug for the previous two months It was hoped that by a 
process of exclusion ‘mepacrme balances’ might mdicate the importance of 
drug degradation The results are shown m Table IV The blood mepacrme 
level m each mdividual showed only minor daily fluctuations durmg the test 
period For practical purposes it may be considered to be constant The 
daily dose of mepacrme was therefore required to mamtam this stable level 
The average amount of mepacrme excreted m the urme m six days was about 
26 mg and the average faecal mepacrme m the same period was about 146 mg 
The total mepacrme loss m urme and faeces was therefore about 170 mg m 
SIX days , on the other hand, the total dose given m this period was 600 mg 
so that about 430 mg must have been required to mamtam the blood mepa- 
crme at a fairly constant level The only way m which this large amount 
may be completely accounted for is by some process of degradation of the 
drug m the body Drug degradation must therefore be considered when 
assessing the amount required to mamtam an adequate level of mepacrme 
m the blood In this connexion it is necessary to distingmsh clearly between 
degradation of mepacnne m the bowel and degradation m tissues after 
absorption, because mepacrme degraded m the bowel before absorption could 
have no therapeutic action, whereas mepacrme degraded in tissues has had 
an opportunity to act on malanal parasites 

Exploratory mvestigations on the degradation of mepacrme were carried 
out by tn vitro tests The effect of adding mepacnne to the faeces of subjects 
who had never taken the drug was exa min ed by estimatmg faecal mepacnnes 
at mtervals after the addition of the drug to the faeces Duplicate or tripli- 
cate estimations were always made and the results showed close agreement 
The recovenes of mepacrme expressed as a percentage of the amount of drug 
added were 71, 48, 18, and 14 at three, 24, 48, and 72 hours respectively 
after the addition of the drug to the faeces This observation shows that 
degradation of mepacrme in the mtestme is important and that only a part 
of the dose administered is actually absorbed 

The rate of degradation of mepacnne m the blood was also mvestigated 
A large sample of blood, taken from a volunteer who was receiving mepacnne, 
was placed m an incubator at 37° C and daily mepacrme estimations were 
made for the next eight days The level of mepacrme fell progressively each 
day from an initial level of 410 jig per htre to 130 ng per litre on the eighth 
day The most striking point in this investigation was not the fall, but the 
fact that the rate of fall m the mcubated blood was so similar to that already 
noted m the blood of volunteers who had ceased to take the drug Further 
experiments were undertaken to compare the tn vitro and tn vivo rates of 
fall in blood mepacrme in a group of five volunteers after mepacrme dosage 
had been stopped The men were given different doses of mepacrme so that 
they would have a wide range of blood mepacrme levels when blood was first 



72 


QUARTERLY JOURNAL OF MEDICINE 

of degradation of the drug m the body was accelerated These implications 
■were of obvious practical importance and led to investigations of the fate of 
the drug in the body 

The fate of mepaenne in the body The amounts of mepaonne absorbed 
from the intestine during the first six days of dosage, and after the drug had 

Table IV 


Blood, Uuuc, and Faecal Mepaennes after Prolonged Admtnistratxon 
of 0 1 gm of the Drug Daily 



Blood, unno, and 



Day of dosage 



Volimtccr 

faecnl mopncrincs 

fl3~ 

04 

05 

00 

67 

68 

1 

Blood /jg por litre 

ICO 

100 

132 

100 

108 

160 


Unno nig per litre 

30 

3 0 

2 2 

1 2 

20 

2 1 


Urine mg per 24 lirs 

67 

10 1 

32 

42 

5 1 

38 


Faeces mg por 24 lira 

186 

61 6 

42 0 



23 0 

36 6 

2 

Blood Jig por litre 

80 

100 

120 

132 

100 

64 


Unno mg per litre 

20 

4 7 

1 4 

09 

22 

1 6 


Urine mg per 24 hrs 

IS 

00 

2 7 

1 9 

29 

36 


Paeocs mg por 24 hrs 

10 7 

34 3 

40 0 

18 7 



33 3 

3 

Blood Jig per litre 

SO 

— 

132 

110 

80 

110 


Unno mg per litre 

3 6 

4 7 

1 0 





— 


Unno mg por 24 hrs 

11 0 

7 C 

3 5 





— - 


Faeces mg por 24 hrs 

17 3 

62 0 

38 3 

33 3 

22 2 

14 3 

4 

Bloo<l Jig por litre 

80 

04 

100 

80 

100 

72 


Unno mg por litre 

1 7 

22 

1 1 

1 3 

1 2 

1 3 


Unno mg per 24 hrs 

22 

21 

30 

1 6 

3 7 

2 1 


Faeces mg por 24 hrs 

— 

30 1 

30 0 

20 0 

21 0 

16 3 

r, 

Blood Jig per litre 

lie 

80 

100 

110 

110 

80 


Unno mg por litre 

24 

6 5 

1 4 

1 1 

2 0 

1 3 


Unno mg per 24 hrs 

4 4 

4 0 

2 0 

33 

4 7 

30 


Faeces mg per 24 hrs 

27 

36 0 

16 1 

34 4 

20 0 

38 6 

0 

Blood Jig per litre 

80 

80 

120 

80 

— 

72 


Unno mg per litre 

— 

— 

1 1 

1 2 

1 8 

1 1 


Unne mg per 24 lira 

— 

— 

2 9 

29 

49 

43 


Faeces mg por 24 hrs 

105 

— 

61 0 

16 4 

18 4 

17 7 

7 

Blood Jig por litre 

100 

72 

120 

— 

— 

80 


Unno mg per litre 

20 

30 

1 9 

1 0 

29 

24 


Unno mg i>er 24 hrs 

46 

11 0 

27 

1 6 

6 0 

36 


Faeces mg per 24 hrs 

03 

19 0 

— 

64 6 

22 0 

29 0 


been taken for about two months, were compared by estimatmg the mepa- 
enne in the faeces of two groups of volunteers who took 0 1 gm of the drug 
daily during the test One group of four men was takmg the drug for the 
first time and the total amounts of mepaenne m the faeces m six days were 
8 6, 11 8, 20 0, and 41 1 mg respectively The other group of men had taken 
0 1 gm of mepaenne daily for 62 days precedmg the test and the blood 
mepaennes of all had fallen to relatively stable levels m spite of oontmuous 
administration of the drug The faecal mepaennes were 114 6, 119 4, 131 8, 
146 3, 167 0, 167 0, and 172 2 mg respectively More mepaenne was there- 
fore present in the faeces after the drug had been taken for about two months 
than dunng the first six days This suggested that less mepaenne was 
absorbed after prolonged administration of the drug than dunng the early 
days of dosage The next step was an attempt to obtain mformation on the 
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hydrogen-ion concentration diminished the amount of mepacnne ‘bound’ to 
protem, while a decrease augmented it The change m partition was critical 
about pH7 which suggests that pH may be important m altering the partition 
of the drug withm the body between tissues and the blood The mcrease of 
acid metabolites which is known to occur in tissues durmg febrile diseases 



Days after last dose of mepacnne 


Fia 6 The rate of fall in the mepacnne level m circulating 
blood after dosage was stopped was the same as the rate of 
degradation m mcuhated blood, and both rates were directly 
related to the imtial concentration of the drug m the blood 

may therefore be partly responsible for the nse m blood mepacnne that was 
found m the transient fevers 

Mepacnne Toxicity 

Abdominal colic, vomiting, diarrhoea, muscle cramps, epilepsy, and psycho- 
sis have all been attnbuted to the admimstration of mepacnne to patients 
with malana, but, as many of these alleged toxic efEeots are encountered m 
malana itself, it is not jKissible to decide to what extent the disease and to 
what extent the drug is responsible Toxic reactions developed m some of 
the healthy volunteers who were takmg mepacnne but were not inoculated 
with malana These reactions were almost certainly due to mepacnne and 
their relation to the concentration of the drug m the blood and unne has 
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withdrawn Largo samples of blood were taken 24 hours after the last dose 
of mepacrine , they were divided into 6 c o specimens and placed in stenle 
extraction bottles in an incubator at 37“ C The mepacnne content of the 
incubated blood was estimated each day for one week except on the sixth 
day The blood mepacrines of the volunteers were estimated at corresponding 

Tablb V 

Degradation of Mepacrine in Incubated and Circulating Blood 


Blood xnopaenne (fig per btro) 



> 

Volunteer 1 

Volunteer 2 

Volunteer 3 

Volunteer 4 

X 

Volunteer 6 

Day 

CB 

IB 

CB 

IB 

CB 

IB 

CB. 

IB 

CB 

IB 

1 

030 

600 

630 

640 

380 

410 

290 

300 

100 

140 

2 

420 

400 

410 

400 

320 

320 

280 

260 

100 

80 

3 

360 

360 

340 

400 

240 

260 

230 

240 

80 

60 

4 

200 

320 

310 

280 

220 

200 

180 

180 

60 

60 

6 

100 

140 

200 

200 

200 

200 

100 

160 

40 

40 

7 

120 

120 

180 

160 

160 

160 

120 

100 

40 

40 


C B « Circulating blood LB — Incubated blood 


times The similarity m the rate of fall in incubated blood and in cu*oulating 
blood was strikmg (Table V), and for practical purposes may be considered 
to bo the same Moreover, it was found that the rate of fall of mepacnne m 
both circulatmg and incubated blood depended on the mitial level of the 
drug in the blood The higher the imtial level the more rapid was the rate 
of fall (Fig 6) Thus it is suggested that the fall in circulating blood mepa- 
ermo is almost v holly due to degradation of the drug, since the loss of drug 
through the main channel of excretion, the unno, is msigmficantly small in 
companson with the total amount of drug which has disappeared This 
suggestion, if correct, implies that the rate of degradation in the tissues is 
also proportional to the concentration of the drug in the tissues, since the 
blood level of the drug is wholly dependent on replenishment from the tissue 
stores after dosage has stopped 

These experiments emphasize the importance of the breakdown of mepa- 
crino, both m the ahmentary tract and withm the body, in determimng the 
level of the drug m the blood The only other problem that required con- 
sideration was the partition of the drug between the blood and tissues The 
rapid rise m blood, plasma, and urinary mepaerme which accompameH 
transient fever m the volunteers inoculated with sporozoites suggested that 
the short fever by itself altered the partition Direct investigation of this 
problem was not practicable because it would have involved repeated biopsies, 
but experiments to mvestigate possible factors that might influence the parti- 
tion of mepaerme were carried out tn vitro in a simple denatured eggwhite- 
water preparation The effect of temperature, pH, and electrolyte concen- 
tration on the amount of mepaerme ‘bound’ to the denatured protein was 
examined Temperature and electrolyte concentration bad no significant 
influence on the partition, but pH had a pronounced effect An mcrease m 
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hydrogen-ion concentration diminished the amount of mepacnne ‘ bound ’ to 
protein, w hil e a decrease angmented it The change in partition was critical 
about pH7 which suggests that pH may be important m altering the partition 
of the drug within the body between tissues and the blood The increase of 
acid metabolites which is known to occur in tissues durmg febrile diseases 



Days after last dose oF mepacnne 


Fig 6 The rate of fall in the mepaonne level m circulating 
blood after dosage was stopped was the aame as the rate of 
degradation in incubated blood, and both rates were directly 
related to the initial concentration of the drug m the blood 

may therefore be partly responsible for the nse m blood mepacnne that was 
found in the transient fevers 

Mepacnne Toxicity 

Abdommal cohc, vomiting, diarrhoea, muscle cramps, epilepsy, and psycho- 
sis have all been attnbuted to the administration of mepacnne to patients 
with malana, but, as many of these alleged toxic effects are encountered in 
malana itself, it is not possible to decide to what extent the disease and to 
what extent the drug is responsible Toxic reactions developed in some of 
the healthy volunteers who were takmg mepacnne but were not inoculated 
with malana These reactions were almost certainly due to mepacnne and 
their relation to the concentration of the drug m the blood and urme has 
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1 

been examined The acute toxic symptoms that were encountered were of 
throe types 

1 Mild BjTtiptoms such as headache, nausea, epigastric discomfort, and 
minor visual disturbances They wore frequent, but never sufficiently severe 
to interfere with ordinary duties They occurred both after large doses of 
mepacrine (0 6 gm ) and after the usual routine doses (0 1 gm ) It was found 


Tablf VI 


Blood jfepaenne and Fluid IntaLe 
Blood mepaenno (fig por litre) 


Volunteer 

I hr 

3 hr 

21 hrs 

6 hrs 

10 hrs 

141 hrs 

23 hrs 




Rostnotod fluid intake group 



100 

133 

217 

107 

433 

233 

333 

250 

110 

160 

217 

133 

187 

160 

283 

317 

111 

133 

102 

180 

233 

268 

617 

767 

112 

141 

102 

200 

173 

125 

300 

433 

113 

133 

242 

120 

103 

233 

683 

633 

114 

160 

208 

127 

103 

167 

333 

383 

Group moan 

140 

211 

104 

235 

104 

302 

463 




Liberal 

fluid intake 

group 



iin 

160 

203 

103 

140 

107 

460 

633 

no 

160 

350 

1C3 

187 

107 

333 

433 

117 

183 

217 

153 

233 

168 

207 

407 

118 

175 

183 

127 

147 

158 

267 

467 

119 

107 

183 

263 

173 

83 

200 

317 

120 

176 

217 

133 

187 

168 

307 

600 

Group mean 

100 

220 

100 

178 

148 

314 

486 


that when small doses were contmued symptoms soon disappeared and did 


not recur 

2 Alimentary' sy'mptoms such as vomiting, coho, and diarrhoea These 
were often severe and mcapaoitatmg and, on one occasion, gave rise to con- 
siderable anxiety when they assumed almost epidemic proportions m troops 
on active service Investigation of their cause was therefore earned out to 
see if they could bo explained and avoided, and a clue came from direct 
observation in the field that they did not occur when sufficient water was 
taken with each dose of mopaenne Two groups of six volunteers were given 
the same doses of mepacrine at the same times, but m one group the fluid 
intake was restneted for three days previously, whereas m the other group 
liberal quantities of fluid were given In the first group the unnary output 
on the day of the test ranged from 240 to 900 o c A large dose of mepaorme, 
1 4 gm in 16 hours, was given to all, divided as follows, mitial dose 0 2 gm , 
after five hours 0 3 gm , after 10 hours 0 4 gm , and after 16 hours 0 6 gm 
In five out of six volunteers whose fluid intake was restricted diarrhoea with 
loose watery stools and coho ensued , in the other group these symptoms were 
completely absent Frequent estimations of the blood mepaorme level were 
carried out during the day of test, and the urmary output m the 24 homa 
Ster the initial dose was also determined The results are shown in Tables 
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VI and VTI The mean blood mepaorme levels did not vary much in the two 
groups, but much less mepacrme was excreted in the urme of the group 
whose flmd mtake was restnoted The difierence was qmte clearly associated 
with the dimmished output of urme From this experiment the inference 
was drawn that the observation m the field was correct, and that the free use 
of water is important m preventing alimentary symptoms from mepacrme 


Table VII 

Urinary M&jiacnne. and Fluid IntaLe 

Urme 



Volume m 0 c Mepaorme (mg 

Mepaorme (mg 

Volunteer 

per 24 hrs 

1 per htre) 

per 24 hrs ) 



Restnoted fluid intake group 

109 

240 

3 6 

09 

110 

440 

53 

23 

111 

720 

6 6 

4 7 

112 

900 

10 3 

93 

113 

760 

2 6 

19 

114 

900 

11 0 

99 

Group mean 

660 

66 

48 



Liberal flmd intake group 

115 

2,100 

8 6 

18 1 

116 

2,300 

9 6 

22 6 

117 

1,800 

86 

15 5 

118 

1,700 

66 

11 2 

119 

2,080 

6 0 

12 5 

120 

2,400 

7 1 

17 1 

Group mean 

2,073 

7 7 

16 1 


3 Severe toxic symptoms that were completely mcapaoitatmg Six 
medical officers took a smgle dady dose of 0 6 gm (that is, five tunes the 
usual routme dose) of mepacrme for five days while carrying out sedentary 
duties Two developed severe toxic symptoms, but the other four were un- 
affected Details of the toxic effects were as follows 

Lieutenant I had severe headache a few hours after the first two doses of 
mepacrme The headache lasted 11 hours on the first day and three hours 
on the second day Immediately after the third, fourth, and fifth doses he 
was perfectly well and had no complaint, but 18 hours after the fifth dose, 
at 3 a m on the sixth day, he was wakened by pam in both loins He was 
thirsty, had pam m his tongue, his mouth was dry, and he was sweatmg 
profusely He quenched his thirst, but could not sleep as he felt very excited 
At 9 a m on the same day he was much improved and reported for examina- 
tion when he complained of excessive sahvation, a bitter taste m his mouth, 
and thirst His urine was albumen-free and contained no macroscopic blood 
He looked tired and felt out of sorts, but carried out his duties untd the 
afternoon of the seventh day when he had to retire to bed He was fairly 
comfortable until evening when pain behind the eyes, pain m the maxilla, 
and pain in the lumbosacral region radiatmg down the left leg developed 
His pulse rate was 120 and temperature was 101° F The muscles of both 
thighs felt tight, and twitchings of bundles of muscle fibres were observed 



76 QUARTERLY JOURNAL OF SIEDICINE 

I 

been examined The acute toxic symptoms that were encountered were of 
three types 

1 Mild sy mptoras such ns headache, nausea, epigastric discomfort, and 
minor visual disturbances They wore frequent, but never sufficiently severe 
to interfere with ordinary duties They occurred both after large doses of 
mcpacrine (0 5 gm ) and after the usual routine doses (0 1 gm ) It was found 


Tabcf VI 


Blood Mepacrtne and Fluid Intake 


Blood mopncnno (fig por litre) 



^ — 



6 lirs 

10 hrs 

14J hrs 


Volunteer 

I hr 

J hr 

21 hrs 

23 hrs 




Rcstriotod fluid intake group 



100 

133 

217 

167 

433 

233 

333 

250 

110 

160 

217 

133 

187 

160 

283 

317 

111 

133 

192 

180 

233 

268 

517 

767 

112 

141 

192 

200 

173 

126 

300 

433 

113 

133 

242 

120 

103 

233 

683 

633 

114 

150 

208 

127 

103 

167 

333 

383 

Group mean 

140 

211 

104 

235 

104 

392 

463 




Liberal 

fluid intake group 



110 

150 

203 

193 

140 

107 

460 

633 

no 

150 

350 

163 

187 

107 

333 

433 

117 

183 

217 

163 

233 

158 

267 

467 

118 

175 

183 

127 

147 

158 

267 

467 

119 

167 

183 

253 

173 

83 

200 

317 

120 

176 

217 

133 

187 

168 

307 

600 

Group mean 

166 

226 

109 

178 

148 

314 

486 


that when small doses vero contmued symptoms soon disappeared and did 
not recur 

2 Alimentary symptoms such as vomiting, coho, and diarrhoea These 
were often severe and mcapacitating and, on one occasion, gave rise to con- 
siderable anxiety when they assumed almost epidemic proportions in troops 
on active service Investigation of their cause was therefore earned out to 
see if they could be explained and avoided, and a clue came from direct 
observation in the field that they did not occur when sufficient water was 
taken u ith each dose of mopaenne Two groups of six volunteers were given 
the same doses of mepaenne at the same times, but m one group the fluid 
intake uas restricted for three days previously, whereas m the other group 
liberal quantities of fluid wore given In the first group the urmary output 
on the day of the test ranged from 240 to 900 c o A large dose of mepaenne, 
1 4 gm in 16 hours, was given to all, divided as follows, mitial dose 0 2 gm , 
after five hours 0 3 gm , after 10 hours 0 4 gm , and after 16 hours 0 6 gm 
In five out of six volunteers whose fluid intake was restneted diarrhoea with 
loose watery stools and cohe ensued , in the other group these symptoms were 
pomnletelv absent Frequent estimations of the blood mepaerme level were 
carried out durmg the day of test, and the urmary output m the 24 horns 
after the initial dose was also determined The results are shown m Tables 



The possibility of chronic toxic effects ansing after the drug had been 
taken for prolonged penods was also of practical importance Information 
on this pomt was obtamed by examining repatnated British troops who had 
taken mepacnne as a malarial preventive for penods of four to 18 months 
Disability m these men would not necessanly rmphcate mepacnne, but 

Table IX 

Urinary Mepacnne and Severe Toxic Effects after 0 5 gm 
Daily for Five Days 
Unnary mepacnne (mg per 24 hrs ) 


^ 

Severe toxic effects No symptoms 



X- 

" - ■ ■ s. 






Day 

Case I 

Case G 

Case C 

Case K 

Case Cn 

Case F 

1 

43 

2 1 

31 

33 

49 



2 

37 

42 

21 

38 

45 

10 

3 

3 

87 

60 

9 6 

12 2 

40 

9 

3 

4 

16 2 

12 6 

18 3 

14 1 

17 1 

16 

6 

6 

20 0 

21 6 

29 0 

20 1 

17 8 

21 

3 

6 

16 9 

14 6 

22 7 

26 2 

43 

— 

- 

7 

16 3 

12 3 

20 6 

8 3 

13 0 

_ 

- 

8 

16 2 

27 

14 8 

6 7 

6 3 

9 

8 

9 

92 

63 

14 0 

12 9 

6 8 

3 

8 

10 

10 7 

60 

10 9 

7 7 

26 

7 

3 

11 

76 

39 

70 

10 6 

43 

6 

7 

12 

62 

47 

68 

6 6 

60 

6 

9 


absence of ill effects would provide good evidence that mepacnne taken m 
suppressive doses for prolonged periods did not create a problem The results 
have already been published (Drew and Reid, 1945), and no evidence of 
disturbance of hepatic, renal, or bone-marrow activities was found in the 
men examined 


Discussion 

The expenments described were undertaken on volunteers in London to 
provide mformation on the correct use of mepacnne m our forces campaignmg 
in highly malanal parts of the world It was found that a sustamed mepa- 
cnne blood level of at least 100 /ig per litre of blood was required to prevent 
malana Blood mepacnne levels of less than 100 pg per htre m volunteers 
inoculated with sporozoites mvariably resulted m a real attack of malana 
with parasitaemia or a transient fever without obvious parasitaemia The 
transient fever was a new phenomenon which occurred m 20 out of 55 inocu- 
lated volunteers, and it obviously mented careful mvestigation m its relation 
to real attacks of malaria It was concluded that transient fever is an early 
sign of an impending attack of malana m non-immune volunteers, firstly 
because it mvanably developed at the same time as malana would have been 
expected, and secondly because malana was transmitted on one occasion by 
injecting blood from an moculated volunteer taken at the onset of transient 
fever An mterestmg observation was made v hich helps to explain the self- 
limitmg character of the transient fever At the onset of the fever the 
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He -was given two Codeine Rhos Co tablets and slept fairly well On the 
morning of the eighth day ho notieed an erythematous rash on the chest and 
flexor aspects of the arms Ho felt weak, but comfortable in bed On the 
morning of the ninth day ho was allowed up and walked with a perceptible 
limp The rash was still present and small erythematous patches were ob- 
served on tbo chest and flexor aspects of the arms On the tenth day the 

Table VIH 

Blood Mepacnnc and Severe Tome Effects after 0 5 gm 
Daily for Five Days 


Blood mopnenno (fig per litre) 



Severe toxic ofleots 


No symptoms 


Day 

Cnao I 

Case G 

Cnao C 

Cose K 

Case Cn 

Case F 

5 

070 

480 

002 

288 

220 

206 

6 

1,110 

1,070 

787 

708 

658 

440 

7 

760 

— 

— 





8 

— 

487 

228 

281 

018 

187 

0 

838 

— 

— 

— 

— 

— 

10 


• 







11 

310 

214 

470 

230 

247 

104 

12 

224 

213 

107 

213 

202 

180 


Case I Soi’oro toxio ofTeols from days six to 10 
Case G Se\ ore toxio effects on days mx and seven 


rash was fading and had disappeared on the eleventh day On the twelfth 
day ho was able to resume duties 

Captain 0 Dunng the first three days of mepaenne dosage this ofScer 
complained of epigastnc discomfort, nausea, thirst, headache, and mental 
confusion, but was able to continue work He was perfectly well on the 
fourth and fifth days On the afternoon of the sixth day he felt weak, 
depressed, generally out of sorts, and had to retire to bed Symptoms per- 
sisted on the seventh day, but on the eighth day he was well enough to 
resume work 

The blood mepaenne levels of the six men were estimated immediately 
before and 24 hours after the fifth and last doses of the drug, and agam on 
alternate days for the next week Twenty-four hour urinary mepaenne 
estimations were also made dunng the five days of mepaenne administration 
and for six days thereafter The blood mepaenne levels of the two men who 
had severe reactions and the values of the other four who were unaffected 
are shown in Table VTII The unnary mepaenne levels are given m Table IX 
The results show that m the two patients with incapacitating toxic effects 
the blood-levels were higher than m the others at the time symptoms were 
present No significant differences m urinary mepaenne levels were observed, 
so that severe systemic toxic effects seem to be directly associated with a very 
high level of mepaenne m the blood A level of almost 800 pg per htre of 
blood 24 hours after the last dose of mepaenne was not associated with 
symptoms, but a level of more than 1,000 pg per htre resulted m senous 
toxic reactions 
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The possibility of ohromo tone effects ansmg after the drug had been 
taken for prolonged periods was also of practical importance Information 
on this pomt was obtamed by examining repatriated British troops who had 
taken mepaenne as a malarial preventive for periods of four to 18 months 
Disability m these men would not necessarily imphoate mepaenne, but 


Table IX 

Urinary Mepaenne and Severe Toxic Effects after 0 5 gm 
Daily for Five Days 


Urmary mepaenne (mg per 24 hrs ) 

^ 

Severe tosao efiecte No symptoms 


Day 

Case I 

Case G 

X 

Case C 

Case K 

Case Cn Case F 

1 

43 

2 1 

31 

33 

49 — 

2 

37 

42 

2 1 

38 

46 

10 3 

3 

87 

60 

96 

12 2 

40 

93 

4 

16 2 

12 6 

18 3 

14 1 

17 1 

16 6 

6 

20 9 

21 6 

29 0 

20 1 

17 8 

21 3 

6 

16 9 

14 6 

22 7 

26 2 

4 3 — 

7 

16 3 

12 3 

20 6 

83 

13 0 — 

8 

16 2 

27 

14 8 

67 

6 3 

9 8 

g 

92 

6 3 

14 0 

12 9 

68 

38 

10 

10 7 

60 

10 9 

77 

2 6 

7 3 

11 

76 

39 

70 

10 6 

43 

67 

12 

62 

47 

6 8 

6 6 

60 

69 


absence of ill effects would provide good evidence that mepaenne taken m 
suppressive doses for prolonged periods did not create a problem The results 
have already been published (Drew and Reid, 1945), and no evidence of 
disturbance of hepatic, renal, or bone-marrow activities was found m the 
men exammed 


Discussion 

The expenments described were undertaken on volunteers in London to 
provide information on the correct use of mepaerme m our forces campaignmg 
in highly malanal parts of the world It was found that a sustamed mepa- 
enne blood level of at least 100 per htre of blood was required to prevent 
malaria Blood mepaenne levels of less than 100 /xg per htre m volunteers 
mooulated with sporozoites mvariably resulted m a real attack of malana 
with parasitaerma or a transient fever without obvious parasitaemia The 
transient fever was a new phenomenon which occurred in 20 out of 66 inocu- 
lated volunteers, and it obviously mented careful mvestigation m its relation 
to real attacks of malana It was concluded that transient fever is an early 
sign of an impendmg attack of malaria in non-immune volunteers, firstly 
because it invanably developed at the same time as malana would have been 
expected, and secondly because malaria was transmitted on one occasion by 
injecting blood from an moculated volunteer taken at the onset of transient 
fever An interestmg observation was made which helps to explain the self- 
limiting character of the transient fever At the onset of the fever the 
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Wood mepaonm was below the safety level of 100 /xg per litre, but at the 
peak it was well above this level A reasonable inference is that the nse in 
blood mepaorino, induced by fever, killed the parasites and so cured the fever 
How IS it that the low blood-level of mepacrine at the onset of fever changes 
to a high level at the peak, with no additional high mopaenne dosage and 
indeed after mepacrine dosage has stopped? An increase in the number of 
leucocytes in the blood (the high concentration in leucocytes has already been 
referred to) has been excluded as a possible cause because exactly similar 
rises were observed m unnary and plasma mepaennes The view is put 
forward that the change results from an alteration m the partition of the 
drug between tissues and blood, that the increase m the blood mepaenne 
level is at the expense of the large stores of the drug m the tissues, and that 
this results from accumulation of acid metabolites in the tissues durmg fever 
No direct proof that this happens m the body can bo provided, but support 
18 given by in vitro experiments on the partition of mepacrine between pro- 
tein and water A very slight diminution in pH value in the neighbourhood 
of pH7 profoundly altered the partition of the drug in a simple protem-water 
preparation in the manner described for blood and tissues 

The incidenoc of transient fever in soldiers taking the routine dose of 
0 1 gm mopaenne daily for malana prevention m hyperendemio areas would 
bo expected to bo high, because about one-third of the blood mepaerme 
estimations in our volunteers taking this dosage were below the ontioal 
value of 100 pg per litre after the first six weeks In our experiments 11 of 
25 volunteers who actually took this dose and were inoculated with sporo- 
zoites developed transient fever The majonty of self-hmiting ‘pyrexias of 
unknown ongin’ that occurred in soldiers takmg mepaerme in the Far East 
were almost certainly aborted attacks of malana The low blood mepaermes 
at the onset of transient fever in our volunteers suggest that this fever may 
be abolished, or its incidence greatl 3 ' reduced, by increasing the daily dose 
of mepaenne if this is possible without causing serious toxic effects Informa- 
tion on mepacrine toxicity is far from complete, but the data obtamed 
suggest that an increase in dosage could justifiably be tned without undue 
nsk Senous toxic symptoms did not arise m our volunteers until the blood- 
level was 1,000 fig per litre or more, and as we found that dehydration 
precipitated alimentary symptoms from mepaenne, they may be avoided by 
ensuring an adequate fluid intake It may also be of importance to ensure 
a liberal fluid intake during the treatment of malaria with mepaenne, 
because of dehydration resulting from sweatmg 

Another unexpected observation that led to mvestigation of the fate of 
mepaenne m the body was the fall in blood and unnary mepaerme after 
continuous and prolonged administration of the drug Dimmisbed absorption 
from the abmentary tract due to mcreosed degradation of mepaerme m the 
bowel was considered to be the cause of this effect Degradation of mepa- 
orme was concluded to be the most important single factor govermng the 
level of mepaenne in the blood, and evidence has been found which suggests 
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tliat the rates of degradation in the tissues and blood are directly pro- 
portional to one another, and also that both rates are proportional to the 
respective concentrations of the drug in the tissues and blood 

A final point of general interest to physicians seems to emerge from the 
experiments reported With oral dosage of mepacnne it was not possible to 
decide why some mdividuak developed malaria and others escaped the 
disease, when all were given the same amount of drug Positive information 
was obtamed only when a method was developed for estimating mepacnne 
levels in the blood Such an approach had already been applied to the 
sulphonamides when our mvestigations began, and has since been apphed to 
pemciUin The mepacrme experiments clearly demonstrate the practical 
value of this method of mvestigatmg the therapeutic value of new drugs, 
since by carefully controlled expenments adequate dosage for full thera- 
peutic activity may be gauged, and the therapeutic hmits defined within 
which toxic manifestations are avoided 


Summary 

1 The chemotherapeutic action of mepacnne is directly related to the 
concentration of the drug m the blood The minimal daily blood mepacnne 
level that will prevent malana is about 100 jog per btre 

2 An aborted form of malana with transient fever occurred m a consider- 
able proportion of volunteers takmg the usual suppressive dose of 0 1 gm of 
mepacnne daily Parasites were not found m blood films, but frank malana 
was transmitted by mjection of blood mto another subject The blood 
mepacnne was low at the onset of the transient fever and high at its sub- 
sidence The nse m blood mepacnne cured the fever and it is suggested 
that this nse is due to a transference of mepacnne to the blood from the 
high tissue reserves, as a result of the acidosis of fever 

3 Senous toxic reactions from mepacnne are associated with a high 
blood-level of the drug The highest post-absorptive level free from ill effects 
IS about 800 pg per htre 

4 Ahmentary disturbances from mepacrme are probably due to local 
action of the drug They may be prevented if hberal quantities of fluid are 
taken with therapeutic doses of the drug This is of particular importance 
in the treatment of actual attacks of malana, as sweating causes dehydration 

6 Degradation of mepacnne is the most important single factor that m- 
fluenoes the level of the drug m the blood After the drug has been taken 
for about two months about 70 per cent of each daily dose of 0 1 gm is 
degraded The rate of degradation of mepacrme m blood has been found 
to be proportional to the rate of degradation m the tissues, and both rates 
are directly related to the respective concentrations of the drug m blood 
and tissues 

6 Assessment of the value of mepacrme by estimation of the blood-levels 
of the drug proved supenor to the older practice of assessment on a dosage 

IT 2 
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basis The merit of tins approach is that it gives far more accurate informa- 
tion of tlie amount of drug which must be maintained in the blood and 
body fluids for full and complete therapeutic effects Given satisfactory 
methods for blood estimations the method may be applicable not only for 
the testing of new remedies, but for improvements in the use of some that 
are already in use It certainly ehmmates many of the disadvantages 
inherent in earlier pharmacological observations, m which variabihty in 
absorption, limits of toxicity, and rate of degradation and ehnunation were 
generally unknown factors 

I wish to express my gratitude to the volunteers from the Fnends’ 
Ambulance Unit, the Pacifists’ Service Unit, and the Army who made these 
experiments possible I am indebted to Colonel F S Irvine, Commandant 
of the Royal Army Medical College, the Malaria Committee of the Medical 
Research Council, and the Board for Co-ordmation of Malaria Studies m the 
United States of America for practical assistance throughout the work 
My thanks are also due to Staff-Sergeant H Davidson, Sergeant W J Park, 
Sergeant W Marra, and Corporal H A Aubrey, all of the R A M C , for 
invaluable technical assistance 

The work was carried out at the Royal Army Medical College, London, 
under the authority of the War Offico and the Malana Committee of the 
Medical Rescaroh Council 
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A REVIEW OF CHRONIC INTERI\IITTENT JUVENILE 

JAUNDICE* 

By E MEULENGRACHT 

(From Medical Department B, Bispebjerg Hospital, Copenhagen) 

Introduction 

Some years ago I described under the name chronic intermittent juvenile 
jaundice (ikterus intermittens juvemhs) a condition or disease -which had pre- 
viously been observed, but I considered could be conceived as a weU-defined 
nosological entity The disease is characterized by slight jaundice, at tunes 
distinctly visible m the skm and solerotics, at other tunes present only as 
bihrubmaemia, accompanied by a pronounced feehng of lassitude durmg the 
penods when the jaundice is most in evidence Otherwise there are few 
subjective disturbances, or none at all The disease is observed particularly 
in young persons and sometimes occurs m famdies It is bemgn m nature 
and gradually becomes less mtense At the present tune, when attention the 
world over is durected towards epidemic hepatitis -with its forms rnnnmg 
a subacute or chrome course, chrome interrmttent juvenile jaundice has 
gamed a certain status, and it is important to be able to recognize this 
benign complaint so that confusion with the more severe subacute or chrome 
forms of hepatitis can be avoided It is therefore worth while re-viewmg 
what we know about the disease at the present juncture 

History 

It 18 undoubtedly this disease that is referred "to by Gilbert and Lereboullet 
(1902, 1906, 1910) m the older French hterature In them mvestigations 
into haemolytic jaundice they encountered patients who exhibited a shght 
degree of bdirubmaemia, but lacked all the other symptoms of the disease 
They employed the terms ‘ohol6mie simple famihale’ and 'choMmie physio- 
logique’ for this condition Scheel (1911) discovered mild bihrubmaemia in 
a group of otherwise apparently healthy persons, and has briefly discussed 
this findmg Van den Bergh (1918) referred quite bnefly m his book Der 
Qallcnjarbstoff im Blute. to the fact that one frequently meets -with persons 
who have slight bihrubmaemia As they appear to be healthy m every 
respect ho called the condition ‘ physiologische Hyperbihrubmamie ’• In his 
book Die hepatohenahn Erkrankiingen Eppinger (1920) discussed Gilbert’s 
chol6mie simple’ under the differential diagnosis of haemolytic jaundice 
It 13 apparent that he had seen similar oases, and he seemed inchned -to 
interpret them as mild cases of haemolytic jaundice 

‘ Kecoived December 6, 1046 
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In previous investigations on haemolytic jaundice I myself have met with 
similar cases, and have regarded them as instances of a special disease, 
I have defined many of its characteristic features (Meulengraoht, 1920) 
that it occurs cluofly in young persons, that the jaundice is apparently non- 
haomolytio in character, and that it persists for years, but vanes m intensity 
and IS attended by lassitude and indisposition during the more icteno 
periods Weber (1917, 1931), Gansslen, Zipperlcn, and Sohuz (1926), Bang 
(1929), and Tccon (1938) have reported briefly that they have seen 
similar cases Gansslen, Zipperlen, and Schuz interpreted the condition as 
‘loichto hamolytische Konstitution’ One also recognizes these patients in 
a publication by Diamond (1928) In routine mvestigations on senitn- 
bilirubm be came across 29 young adults from 18 to 30 years of age with 
jaundice and various symptoms of fatigue Ho classed them under the title 
hepatic toxaemia In an extensive investigation on the different forms of 
slight and latent jaundice Rozendaal, Comfort, and Snell (1936) have also 
discussed the disease under the term constitutional hepatic dysfunction 
By routine examination for bilirubinaomia they observed a large number of 
cases, the majority of which they considered belonged to this group They 
are undoubtedly the same typo of case that Polack (1937) and Abramson 
(1941) have observed, although the latter author desenbed them as ‘chrome 
hepatitis in young persons ’ 

In 1938 and 1939 I gave a full clinical desonption of the condition, point- 
ing out that it was clearly a well-defined disease, charaotenzed not only by 
a state of mild jaundice and fatigue, but equally by a typical and protracted 
course I proposed the term ‘ chronic intermittent juvenile jaundice ’ as one 
which embraces the clinical picture of the complamt fairly well Smee that 
time the disease has been the subject of several more extensive mvestigations 
Krarup and Roholm (1941), Welin (1946), and AlwaU (1946) have made hver 
biopsies and examined the histological structure of the hver Dameshek 
and Singer (1941), and particularly Aiwali, Laurell, and Nilsby (1946), have 
emphasized and further investigated its occurrence m families, while various 
workers, specially Dameshek and Singer (1941), Wehn (1945), and AlwaU 
(1946), have made various liver function tests m a senes of cases Dameshek 
and Singer employed the terms ‘familial, non-hemolytio jaundice’ or ‘con- 
stitutional hepatic dysfunction with mdirect van den Bergh reaction’ , Alwall 
(1946) called the disease ‘hereditary non-hemolytio bihrubmaemia without 
direct van den Bergh reaction’ 


Material 

The present paper is based on my own material and the pubbcations of 
other authors My matenal comprises 36 oases which I have investigated 
closely and foUowed for a number of years, that is, for one to 36 years The 
patients consulted me either on their own mitiative or were sent to me by 
their doctors for further exammation, because it was noticed that they were 
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of subjects detected by routine examinations of tbe bile pigment in the 
blood, but of such as have been regarded as patients either by themselves or 
by their doctors With respect to other authors, some have obtamed their 
material by individual investigations of patients in the same manner as 
I have myself, but others have discovered them by more routine exammations 
for serum bilirubin (Scheel, 1911, van den Bergh, 1918, Diamond, 1928 , 
Rozendaal, Comfort, and Snell, 1936 , Vahlquist, 1939 , Welin, 1946) 

Symptoms 

The climcal picture is fairly uniform The symptoms consist mainly of 
fatigue and jaundice There is considerable fluctuation m the condition, 
periods of lassitude altematmg with those of less se^-erity, and periods of 
jaundice with those of less mtensity Periods of lassitude and jaundice 
usually comcide, and the patients find it impossible to decide whether they 
get tired because they are jaundiced or vice versa Some patients say that 
they become more jaundiced when they have good reason for bemg tired, 
for example, when they have been mebnated or have gone late to bed The 
jaundice is but slight, and by direct observation is perceptible only as 
a yellow tinge of the sclerotics with perhaps a faint yellow coloration of the 
skin As mentioned, it vanes in mtensity, and parallel with this the icteric 
mdex of the plasma fluctuates , the lowest I have estimated was six, the 
highest 36 In Table I are recorded the values of the ictenc mdex the first 
time the patients came up for mvestigation 

Table I 

loteno index 6 to 10 11 to 16 10 to 20 21 to 26 26 to 30 31 to 36 36 to 40 units 
8 17 6 3 0 1 1 

As an instance of the vanations in a amgle individual the followmg may 
be cited, on December 20 Ictenc mdex was 13 , on December 27, 10 , 
January 4, 7 , January 11. 22 , January 18, 10 , January 26, 7 , February 
21, 10 Alwall, Laurell, and Nilsby (1946) gave the followmg vanations m 
one of then cases within a penod of three years, 3 6, 4 7, 3 1, 3 6, 1 6, 3 0, 
3 6, 2 2, 4 2, 3 7, 2 1, 3 6, 1 2, 2 6, 3 6, 2 7, 1 8, 4 7. 1 6, 3 7. 1 2, and 2 1 mg 
per 100 c c The values were determined by Jendrassik and Grdf’s method 
with which Alwall, Laurell, and Nilsby found the upper normal limit to 
be 1 3 mg per 100 c c The values may thus penodically fall withm the 
normal limita 

On the other hand, the urine as a rule is normal in colour It has never 
been possible to demonstrate bile pigment, that is, bihrubm, m it , nor, as 
a rule, could urobihn be detected Thus with Marcussen and Hansen’s 
modification of Schlesmgor s test there has usually been a negative reaction, 
but sometimes a very weak positive reaction, and occasionally a more 
distmct one, but in reahty it does not deviate greatly from what is 
found jmder normal conditions The same finding has been reported by van 
don Bei^h (1918) and Dameshek and Smger (1941), but Bang (1929), 
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In previous investigations on haemolytic jaundice I myself have met with 
similar cases, and have regarded them as instances of a special disease, 
I have defined many of its characteristic features (Meulengracht, 1920) 
that it occurs chiefly in young persons, that the jaundice is apparently non- 
haomolytic in character, and that it persists for years, but vanes m intensity 
and IS attended by lassitude and indisposition during the more icteric 
periods Weber {1017, 1931), Gaasslen, Zipperlen, and Sohuz (1925), Bang 
(1920), and Tecon (1938) have reported briefly that they have seen 
similar cases Gansslon, Zipperlen, and Schuz interpreted the condition as 
‘loichto hamolytisoho Konstitution’ One also recognizes these patients in 
a publication by Diamond (1928) In routine investigations on seruni- 
bihrubin ho came across 29 young adults from 18 to 30 years of age with 
jaundice and various symptoms of fatigue Ho classed them under the title 
hepatic toxaemia In an extensive investigation on the different forms of 
slight and latent jaundice Rozendaal, Comfort, and Snell (1936) have also 
discussed the disease under the term constitutional hepatic dysfunction 
By routine examination for bilirubinaemia they observed a large number of 
cases, the majority of which they considered belonged to this group They 
are undoubtedly the same type of cose that Polack (1937) and Abramson 
(1941) have observed, although the latter author desenbed them as ‘chrome 
hepatitis in young persons’ 

In 1938 and 1039 I gave a full chmoal descnption of the condition, point- 
ing out that it was clearly a well-defined disease, characterized not only by 
a state of mild jaundice and fatigue, but equally by a typical and protracted 
course I proposed the term ‘chronic mtormittent juvenile jaundice’ as one 
which embraces the ohnzcal picture of the complaint fairly well Since that 
time the disease has been the subject of several more extensive investigations 
Kramp and Rohohn (1941), Wehn (1946), and Alwall (1946) have made hver 
biopsies and examined the histological structure of the hver Dameshek 
and Smger (1941), and particularly Alwall, Laurell, and Nilsby (1946), have 
emphasized and further investigated its occurrence m families, while vanons 
workers, specially Dameshek and Singer (1941), Wehn (1946), and Alwall 
(1946), have made various hver function tests in a senes of oases Dameshek 
and Singer employed the terms ‘familial, non-hemolytio jaundice’ or ‘con- 
stitutional hepatic dysfunction with mdirect van den Bergh reaction’ , Alwall 
(1946) called the disease ‘hereditary non-hemolytio bilirubinaemia without 
direct van den Bergh reaction’ 


Material 

The present paper is based on my own matenal and the pubhcations of 
other authors My matenal comprises 36 cases which I have mvestigated 
closely and followed for a number of years, that is, for one to 36 years The 
patients consulted me either on their own mitiative or were sent to me by 
their doctors for further exammation, because it was noticed that they were 
jaundiced or suffered from attacks of lassitude It is therefore not a question 
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practically restricted to jaundice and lassitude A number of authors 
(Gilbert, LerebouUet, and Herscher, 1907, Tecon, 1938, Dameshek and 
Singer, 194=1, Welin, 1946, Alwall, 1946) assert, however, that gastro- 
intestinal disturbances are u, frequent finding— ‘obstipation’, ‘entente 
mucomembraneuse’, ‘dyspepsie hyperp6ptique’, ‘langaame Verdaunng oder 
mehr oder minder ausgepragte dyspeptische Storungen und unregelmassiger 
Stuhlgang’, ‘stomach disorder’, ‘dyspeptic disorder’, ‘dyspeptic troubles 
and diarrhoea’, ‘diffuse stomach disorder’, ‘slight cohtis troubles’, ‘unka- 
rakteristische Dyspepsie’, &c , so there must clearly be some truth m it 
Two of my patients said that they sometimes had pain at the right costal 
margm 


The Negative Findings 

No abnormahty of the internal organs has ever been found by physical 
examination In particular, no enlargement of the spleen could be detected 
by physical or radiological exammation (Wehn, 1946) All authors are m 
agreement about this The blood has naturally been exammed by practically 
all authors Anaemia has never been demonstrated, the osmotic resistance 
of the red ceUs was normal, there was no microcytosis nor spherocytosis, 
and the reticulocytes were not increased m number The most thorough 
investigations were canned out by Dameshek and Singer (1941) They also 
undertook biopsies of the bone-marrow, which they found to be normal 
Eurther, they made quantitative examinations of the urobdm excretion in 
the faeces as a measure of blood destruction, and found normal or low values 
Liver function tests have been done fairly extensively The van den 
Bergh reaction was negative, direct, or delayed, direct (van den Bergh, 
1918, Dameshek and Smger, 1941, Wehn, 1946, Alwall, 1946) The 
galactose test was negative (Meulengracht, 1939 , Alwall, 1946) or in a few 
cases weakly positive (Wehn, 1946) The hippunc acid test was negative or 
m a few cases weakly positive (Wehn, 1945 , Alwall, 1946) The oitnc acid 
values of the blood were shghtly increased in a good many oases (Wehn, 
1946, Alwall, 1946) The power of excreting bihrubm was found to be 
depressed by the concentration test (Dameshek and Singer, 1941 , Wehn, 
1946), but the Takata reaction was always negative (Meulengracht, 1939, 
Wehn, 1946 , Alwall, 1946) In those 10 cases m which I have tested it 
the blood sedimentation was normal, the highest figure being 6 mm in 
one hour 

Liver biopsy, by the method introduced by Iversen and Roholm m 1939, 
was undertaken by Krarup and Roholm (1941) m five cases In three 
a normal histological picture was present, while m two there was shght 
fatty infiltration of the hver cells Changes of the kind that occur m chronic 
hepatitis wore not found Wehn (1945) made a hver biopsy m six cases In 
throe there was a slight fattj’ infiltration of the hver cells Inflammatory 
changes or signs of cirrhosis were not observed The above findmgs were 
confirmed by Alwall (1946) in two cases and in one of my cases 
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Diamond (1928), Polack (1937), and Aiwa]] (1946) cloimed to have found 
urobilinogen m a number of their cases In no case has itching of the skin 
been present It may therefore bo said that the jaundice is characterized by 
a slight degree of bilirubinaomia, varying in intensity 

In my opinion the penodio lassitude is just ns characteristic a factor ns 
jaundice, perhaps more so It is described as being both boddy and mental 
in nature, but it seems specially to form a check on concentrated mental 
work , phrases such ns these are used to describe it — ‘tired and no energy’, 
‘quickly tired out after mental work’, ‘find it difficult to concentrate while 
reading’, ‘lack of initiative’, ‘doesn’t make the daily routine work more 
arduous, but robs me of that little extra energy and initiative which makes 
vork a pleasure’ One patient said that ho was so tired in the morning that 
ho got sensations of nausea and extreme weakness in the back Several 
others also mention a tendency to nausea Some state that they become 
irritable Patients cite the following ns direct causes of the bad penods — 
spirits ('but the worst is spirits’, ‘most marked next day’, ‘can’t stand beer 
or spirits’), insufficient sleep (‘need eight hours’ sleep’, ‘a night out’), 
overwork, grief and worry (divorce), anger, stomach troubles and other 
intcrcurronb s^'mptoms, the early spnng On the other hand, two women 
volunteered the information that 'it entirely disappeared during pregnancy’ 
and ‘while I was pregnant I boro no trace of a yellow colour and felt very 
fit’ The periods are subject to varying frequency One of my patients, 
a young doctor, said that his periods of fatigue lasted five, 10, 20, or 30 
days and his free periods about the same time, but that he had once had an 
entirely free period for four to five years 

Diamond (1928), whoso cases I have no doubt are of the same nature, 
gives the following subjective symptoms general indisposition, fatiguabdity, 
loss of ambition, nervousness, imtabihty, depression, and digestive distur- 
bances Abramson (1941), whoso cases without doubt also fall into the same 
category, emphasized the lassitude which prevented the patients, who were 
engaged in hard manual labour, from doing their work Other authors who 
have had individual oases under observation for a long time also lay stress 
on the lassitude, but there are some authors who state that patients suffer- 
ing from slight bdirubinaemia are subjectively healthy and free from 
symptoms There is a fundamental difference mvolved here according to 
whether patients with bihrubmaomia consult their doctors for jaundice and 
fatigue, or whether they are encountered in a routine exammation for bdi- 
rubinaemia Those authors whose matenal is mainly derived from such 
routme investigations seem more inolmed to stress freedom from symptoms, 
as one would expect 

On questiomng, some patients have admitted mild dyspeptic attacks or 
intestmal disturbances, while one had tjqiioal fermentation cohtis, but 
I have formed the impression that these symptoms do not amount to more 
than might be met with in a control group followed for a long time There- 
fore I stiU beheve, from my own experience, that the symptoms are 
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practically restncted to jaundice and lassitude A number of authors 
(Gilbert, LerebouUet, and Herscher, 1907 , Tecon, 1938 , Damesbek and 
Singer, 1941, Webn, 1946, Alwall, 1946) assert, howerer, that gastro- 
intestinal disturbances are a frequent finding — 'obstipation , entente 
mucomembraneuse’, ‘dyspepsie hyperpeptique’, ‘langsame Verdauung oder 
mehr oder minder ausgepragte dyspeptische Storungen und unregelmassiger 
Stuhlgang’, ‘stomach disorder’, ‘dyspeptic disorder’, ‘dyspeptic troubles 
and diarrhoea’, ‘diffuse stomach disorder’, ‘slight cohtis troubles’, ‘uhka- 
rakteristische Dyspepsie’, &c , so there must clearly be some truth in it 
Two of my patients said that they sometimes had pam at the right costal 
margin 


TAe Negative Findings 

No abnormahty of the internal organs has ever been found by physical 
examination In particular, no enlargement of the spleen could be detected 
by physical or radiological exammation (Webn, 1946) All authors are in 
agreement about this The blood has naturally been examined by practically 
all authors Anaemia has never been demonstrated, the osmotic resistance 
of the red cells was normal, there was no microcytosis nor spherocytosis, 
and the reticulocytes were not increased m number The most thorough 
investigations were earned out by Damesbek and Smger (1941) They also 
undertook biopsies of the bone-marrow, which they found to be normal 
Further, they made quantitative exammations of the urobihn excretion m 
the faeces as a measure of blood destruction, and found normal or low values 
Liver function tests have been done fairly extensively The van den 
Bergh reaction was negative, direct, or delayed, direct (van den Bergh, 
1918, Damesbek and Singer, 1941, Webn, 1946, AlwaU, 1946) The 
galactose test was negative (Meulengraoht, 1939 , Alwall, 1946) or in a few 
cases weakly positive (Webn, 1945) The hippuric acid test was negative or 
m a few cases weakly positive (Webn, 1946 , Alwall, 1946) The citnc acid 
values of the blood were sbghtly moreased in a good many cases (Webn, 
1946, Alwall, 1946) The power of excretmg bibrubin was found to be 
depressed by the concentration test (Damesbek and Singer, 1941 , Webn, 
1946), but the Takata reaction was always negative (Meulengracht, 1939, 
Webn, 1945 , Alwall, 1946) In those 10 cases m which I have tested it 
the blood sedimentation was normal, the highest figure being 6 mm in 
one hour 

Liver biopsy, by the method introduced by Iversen and Roholm in 1939, 
was undertaken by Elramp and Roholm (1941) in five cases In three 
a normal histological picture was present, while m two there was sbght 
fatty infiltration of the liver cells Changes of the kind that occur in chronic 
hepatitis were not found Webn (1946) made a bver biopsy m six cases. In 
three there was a sbght fatty infiltration of the liver ceUs Inflammatory 
changes or signs of cirrhosis were not observed The above findings were 
confirmed by Alwall (1946) in two cases and in one of my cases 
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Wohn (1946) found the basal metabolio rate diminished in some cases, but 
Alwall (1946) reported it sometimes to bo slightly raised The aneurm 
content of the serum was found by Wolin (1946) to be decreased m some 
cases 


Incidence 

The clinical picture described above is observed in young persons, and 
apparently rather more frequently in men Among my 36 cases, 23 were men 
and 12 women The apparent excess of men is due partly to the fact that for 
special reasons the senes included eight medical students or doctors The 
cases varied in age from 14 to 34 years, and wore distnbuted accordmg to 
Table II 

Table II 

Ago 16 to 20 21 to 25 26 to 30 31 to 36 years 

Number of cases 0 10 7 3 

The figures in the Table do not mean that the symptoms began or first 
appeared at the ages mdicated, but merely signify the age when the patients 
first consulted mo Yet a largo number of them already had had symptoms 
of many years’ standing It was very difficult to obtain a true account of 
the age at which the symptoms actually started Frequently they had 
become aware of their condition from the chance remarks of friends Con- 
sequently they did not know whether they had been slightly jaundiced 
beforehand In one instance it was stated that jaundice had been noticed at 
the ago of 12 years Alwall’s (1946) material compnsed 11 men and four 
women from 19 to 40 years of age His patients asserted that they had been 
jaundiced for years, some saying ‘since childhood’ or ‘always’ Abramson’s 
(1941) total of 10 patients were all men As mentioned, there were a number 
of medical students and young doctors among my cases Bang (1929) and 
Polack (1937) had the same experience (Bang, four out of six, Polack, five 
out of eight), but presumably the reason for this is that the condition is 
more readily recogmzed either by the patients themselves or by their 
attention being drawn to it by their fellow students, so that they came up 
to be examined Smee the disease is hardly likely to be more frequent among 
the medical profession than among the laity, it may perhaps be concluded 
from these findmgs that the condition must be fairly common On the whole, 
academic persons and educated people are represented remarkably frequently 
in my material, whereas the working class are not The explanation may be 
that the latter do not consult a doctor for the disease, at least not me, but 
perhaps also because the spells of fatigue seem specially to mterfere with 
mental work Abramson’s (1941) patients, significantly from a country 
hospital, were, however, ‘all but one engaged in hard manual labour’ 

The problem of the frequency of occurrence of the disease is one towards 
which it IS very difficult to take up a definite attitude If an estimate is 
made on the basis of the number of patients who come to a doctor complam- 
ing of jaundice or lassitude the numbers are relatively small, but if account 
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13 taken of the nnmber of persons who on routine examination of the serum- 
bihmbm show values which would be regarded as increased, the total 
becomes large 

Fairly numerous mvestigations of the serum-bihruhm in apparently healthy 
persons are available On inspection of the values of Vaughan and Hasle- 



Fio 1 Frequency distribution of plaama-bflirubm m 
100 healthy adults (Vaughan and Haslewood, 1938) 



Fio 2 Distribution of the serum-bamibin in 200 medical patients 
(With, 1943) 


wood (1938), With (1943), and Alwall, Laurell, and Nilshy (1946) it will be 
observed that they all have the same distribution curve, which rises obli- 
qucly, m that there are a number of estimations which are high and appear 
to fall outside it 

Vaughan and Haslewood were content to say that they ‘ would suggest 
that, for the present, figures between 0 and 1 3 mg per 100 c c should be 



88 QUARTERLY JOURNAL OF MEDICINE 

Wehn (1946) fonnd the basal metabolic rate diminished m some oases, but 
Alwall (1940) reported it sometimes to bo slightly raised The aneurm 
content of the serum was found by Welin (1946) to be decreased ,m some 
cases 


Incidence 


The clinical picture described above is observed in young persons, and 
apparently rather more frequently in men Among my 36 cases, 23 were men 
and 12 women The apparent excess of men is duo partly to the fact that for 
special reasons the sorios included eight medical students or doctors The 
cases varied in ago from 14 to 34 years, and were distributed according to 
Table II 

Table II 


Age 16 to 20 21 to 25 20 to 30 31 to 36 years 

Number of cases 0 16 7 3 


The figures m the Table do not mean that the symptoms began or first 
appeared at the ages indicated, but merely signify the age when the patients 
first consulted me Yet a largo number of them already had had symptoms 
of many years’ standmg It was very difficult to obtoin a true account of 
the ago at which the symptoms actually started Frequently they had 
become aware of their condition from the chance remarks of friends Con- 
sequently the} did not know whether they had been slightly ]aundiced 
beforehand In one instance it was stated that jaundice had been noticed at 
the ago of 12 years Alwall’s (1946) material compnsed 11 men and four 
women from 19 to 40 years of age His patients asserted that they had been 
jaundiced for years, some saying 'since childhood’ or ‘always’ Abramson’s 
(1941) total of 10 patients were all men As mentioned, there were a number 
of medical students and young doctors among my oases Bang (1929) and 
Polack (1937) had the same experience (Bang, four out of six , Polack, five 
out of eight), but presumably the reason for this is that the condition is 
more readily recogmzed either by the patients themselves or by their 
attention being drawn to it by their fellow students, so that they came up 
to be examined Since the disease is hardly likely to be more frequent among 
the medical profession than among the laity, it may perhaps be concluded 
from these findmgs that the condition must be fairly common On the whole, 
academic persons and educated people are represented remarkably frequently 
in my material, whereas the working class are not The explanation may be 
that the latter do not consult a doctor for the disease, at least not me, but 
perhaps also because the spells of fatigue seem specially to mterfere with 
mental work Abramson’s (1941) patients, significantly from a country 
hospital, wore, however, ‘all but one engaged m hard manual labour’ 

Jhe problem of the frequency of occurrence of the disease is one towards 
which it is very difficult to take up a defimte attitude If an estimate is 
made on the basis of the number of patients who come to a doctor complam- 
ing of jaundice or lassitude the numbers are relatively small, but if account 
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IS taken of the number of persons who on routine examination of the sernm- 
bilirubin show values which would be regarded as increased, the total 
becomes large 

Eairly numerous mvestigations of the eerum-bihrubin in apparently healthy 
persons are available On mspection of the values of Vaughan and Hasle- 



Fio 1 Frequency diatnbution of plasma biLrubm m 
100 healthy adults (Vaughan and Haslewood, 1938) 



Fio 2 Distribution of the sorum bilirubin in 200 medical patients 
(With, 1043) 


wood (1938), With (1943), and Alwall, Laurell, and Nilsby (1946) it will bo 
observed that they all have the same distribution curve, which rises obh- 
quely, in that there are a number of estimations which are high and appear 
to fall outside it 

Vaughan and Haslewood wore content to say that they ‘ would suggest 
that, for the present, figures between 0 and 1 3 mg per 100 o c should bo 
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Wolm (1946) found tho basal metabolic rate diminished in some cases, but 
Ain all (1040) reported it sometimes to be slightly raised The aneurm 
content of tho serum was found by Welm (1946) to be decreased m some 
cases 


Incidence 


Tho clinical picture described above is observed in young persona, and 
apparently rather more frequently in men Among my 35 cases, 23 were men 
and 12 women Tho apparent excess of men is due partly to the fact that for 
special reasons tho series included eight medical students or doctors The 
cases varied in age from 14 to 34 years, and wore distributed according to 
Table II 

Table II 


Ago 16 to 20 21 to 26 25 to 30 31 to 35 years 

Number of coses 0 16 7 3 


The figures in tho Table do not mean that the symptoms began or first 
appeared at tho ages indicated, but merely signify the ago when the patients 
first consulted mo Yet a large number of them already had had symptoms 
of many years’ standing It was very diflBcult to obtain a true account of 
the age at which the symptoms actually started Frequently they had 
become aware of their condition from the chance remarks of friends Con- 
sequently they did not know whether they had been slightly jaundiced 
beforehand In one instance it was stated that jaundice had been noticed at 
tho ago of 12 years Alwall’s (1946) material comprised 11 men and four 
women from 19 to 40 years of age His patients asserted that they had been 
jaundiced for years, some saying 'since childhood’ or ‘always’ Abramson’s 
(1941) total of 10 patients were all men As mentioned, there were a number 
of medical students and young doctors among my cases Bang (1929) and 
Polack (1937) had tho same experience (Bang, four out of six, Polaok, five 
out of eight), but presumably the reason for this is that the condition is 
more readily recognized either by the patients themselves or by their 
attention being drawn to it by their fellow students, so that they came up 
to be examined Since the disease is hardly likely to be more frequent among 
tho medical profession than among the laity, it may perhaps be concluded 
from these findings that the condition must be fairly common On the whole, 
academic persons and educated people are represented remarkably frequently 
in my material, whereas the working class are not The explanation may be 
that the latter do not consult a doctor for the disease, at least not me, but 
perhaps also because the spells of fatigue seem specially to mterfere with 
mental work Abramson’s (1941) patients, significantly from a country 
hospital, were, however, ‘aU but one engaged in hard manual labour’ 

Ilie problem of the frequency of occurrence of the disease is one towards 
which it IS very difficult to take up a definite attitude If an estimate is 
made on the basis of the number of patients who come to a doctor complain- 
ing of jaundice or lassitude the numbers are relatively small, but if account 
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(1936) patjentB it was stated that the jaundice first appeared at birth or 
after birth Some of Alwall’s (1946) patients are said to have had jaundice 
smce childhood or always These assertions are to some extent open to 
doubt The fact is that the disease, jaundice and periods of lassitude, is 
usually first noticed between the ages of 15 and 25 years, but it can well be 
assumed that the symptoms have been present, although undetected, for 


Case 

number 

Sex 

Date -when 
first seen 
by author 

tabi^ in 

Age when jaundice 
first noticed 
(years) 

Present age 
(years) 

(m 1943) 

Length of 
observation 
(years) 

1 

F 

1917 

<26 

51 

26 

2 

M 

1917 

<21 

46 

26 

3 

M 

1919 

<24 

67 

27 

4 

F 

1924 

14 

Died m 1926 

— 

6 

F 

1925 

<16 

33 

>18 

6 

M 

1926 

14 

34 

20 

7 

M 

1926 

20 

44 

24 

8 

M 

1927 

16 

32 

17 

9 

M 

1927 

<22 

37 

IS 

10 

F 

1927 

19 

46 

26 

11 

M 

1930 

17 

36 

19 

12 

M 

1931 

17 

36 

18 

13 

M 

1932 

17 

34 

17 

14 

M 

1933 

14 

34 

20 

16 

M 

1934 

21 

30 

9 

16 

M 

1934 

17 

36 

19 

17 

M 

1934 

22 

31 

9 

18 

M 

1954 

<84 

43 

>9 

19 

M 

1936 

16 

24 

8 

20 

F 

1936 

14 

26 

7 

21 

M 

1936 

<23 

30 

>7 

22 

F 

1936 

<20 

27 

>7 

23 

F 

1936 

16 

29 

13 

24 

F 

1938 

31 

37 

6 

26 

M 

1939 

21 

26 

4 

26 

F 

1939 

23 

32 

9 

27 

M 

1939 

16 

21 

6 

28 

M 

1941 

19 

30 

11 

29 

M 

1943 

16 

26 

11 


some time previously That the disease becomes most evident chnically be- 
tween 15 and 25 j'ears of age seems to be undeniable It is durmg this 
period that the doctor gets m touch with the patients When they reach 
a greater age the doctor apparently loses contact with them, either because 
the symptoms are not so prominent or because the patients have become 
accustomed to them That the symptoms gradually become less marked is 
mdicated by an after-mvestigation which I undertook in 1944 I was success- 
ful in collecting information about all the patients (29) that I had treated 
up to that date for chronic mtermittent juvenile jaundice I obtained full 
details about them all , some of them I saw personally and re exammed The 
observation penods extended from four to 27 years 

From the patients’ oun accounts and from other mformation which could 
bo obtained, it emerged that none of them had experienced any aggravation 
of the condition and nothing had supervened which could be regarded as 
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considered as probably normal’ With (1943) interpreted the high values 
in his normal material as physiological (physiological bihrubinaemia), and 
considered it unlikely that cases of chronic intermittent juvenile jaundice 
arc included, at any rate in significant numbers Alwall, Laurell, and 
Nilsby (1946) stated that their normal material might include mild patho- 
logical cases, includmg chronic in- 
termittent juvemle jaundice, and 
that normal figures obtained from 
such normal material are imreli- 
ablo and directly misleading As a 
practical working hypothesis they 
proposed 1 3 mg per 100 o c as 
the upper limit for normal serum- 
biJirubin values It will be seen 
that the same difficulties are crop- 
ping up again , what is to he 
done with the high values’ Elton 
(1936, 1936) (cited by Vaughan 
and Haslewood, 1938), who appar- 
ently also made determinations in 
presumably healthy subjects, in- 
terpreted the high values as cases 
of ‘familial jaundice’ and claims 
that familial jaundice is met with 
m approximately 3 per cent of 
the white races, bemg specially pre- 
0 05 1 0 I-S valent in Jews, but this is clearly 

Scrum-bilirubin (tag per lOOex.) only overcoming the difficulty by a 

V . , . . TiostuJate 

PlO 3 The bilirubin content in serum, 1.1 

dotormined according to Jondrassik and Gr6f, ^7 own View 18 that the problem 

among 383 subjectively healthy subjecto, 203 of the Significance of high serum- 
monpd 120men (Alwall, Laurell, and Nilsby, ^^^enal 

should remam open for the time 
bemg It can be decided only by foUowmg the subjects for a long period of 
time in order to see what happens to them In no other way can be brought 
to light what IS behmd these high values, and how many of the subjects can 
be classed as oases of chronic mternuttent juvenile jaundice Special weight 
must be attached to the chronic intermittent course of the disease and the 
periods of lassitude, but m a close follow-up of individuals with high serum- 
bilirubin values it must be constantly kept m mmd that latent jaundice or 
sub-jaundice is a very common attendant phenomenon in a host of morbid 

conditions 

Course and Prognosis 

It IS difficult to obtain information about the tune when the condition or 
disease commences In the case of some of Rozendaal, Comfort, and Snell’s 




CHRONIC INTERMITTENT JUVENILE JAUNDICE 


93 


been discussed by Gilbert, Lereboullet, and Herscher (1907), van den Bergb 
(1918), Tecon (1938), Rozendaal, Comfort, and Snell (1935), Vahlqmst (1939, 
1941), and Welm (1945) The usual findmg has been that m some mstances 
the condition has been observed m several brothers and sisters, perhaps in 
one of the parents, but the mquiry has been left at that I myself have 
made similar observations , thus I have included three brothers and sisters 
in my material, and m three other cases I obtamed information that one or 
more brothers and sisters had similar symptoms, but I have omitted 
questionmg my patients thoroughly on this matter and have not under- 
taken further family investigations Dameshek and Smger (1941) found the 
condition present m two brothers of one family, and in the father and seven 
out of eight brothers and sisters of another They assumed that the con- 
dition 18 predominantly hereditary More systematic mvestigations on here- 
dity were undertaken by Alwall, LaureU, and Nilsby (1946), through which 
mterestmg observations have been brought to hght They made systematic 
determinations of the serum-bilirubin in the relations of 15 patients In 65 
brothers and sisters of these 15 patients they discovered increased values in 
55 per cent , m 19 parents mcreased values m 26 per cent , while in 35 
more distant relations the values were increased m 6 per cent By in- 
creased values they understood those which were over 1 3 mg per 100 c c of 
bihrubm estimated by Jendrasaik and Grdf’s method , this value they had 
found to be the upper limit for the normal in a large number of subjectively 
healthy people The bdirubm level m general was lower among the healthy 
relatives than among the patients, and the relatives with bilirubinaemia 
were subjectively m good health Renewed control, however, m some of these 
cases brought about a period of fatigue and uneasmess Some of the famihes 
were mvestigated genealogically, but the authors found no evidence that it 
was a simple dommant character, and they therefore let the problem of 
the hereditary process remam an open question They wrote ‘ only a greater 
material under lengthier observation can be eiqiected to give an answer to 
this question’, but even with simple dommance prevailing one would expect 
an mdistmct picture on account perhaps of incomplete dommance, variations 
m the condition with temporarily absent bdirubmaemia and the possibihty 
of the condition fadmg out in the older age-groups The hereditary process 
18 not the vital factor The chief pomt is that the disease possesses a here- 
ditary basis, which clearly manifests itself with considerable frequency when 
it 18 looked for carefully 


Aetiology 

It will appear from what has been said above that the hereditary basis 
of the disease is evident, so that the cause must be sought for at least partly 
in genotypical factors, but a senes of external moidental factors act on this 
hereditary foundation which induce or aggravate the condition To these 
belong, accordmg to the patients’ statements, alcohol, convivial evenings, 
lack of sleep, sorrow and anxiety, and overwork, as previously mentioned 
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a sign that chronic hepatitis or any other serious disease existed On the 
other hand, it appeared that as the years passed by an improvement m the 
condition had usually taken place It was as if the whole climcal picture 
had faded somewhat, that is to say, the sub-ictenc periods and the feehng 
of fatigue uoro less pronounced, but the symptoms persisted to a more 
advanced age than I had originally thought to be the case , some of them 
were by then in their forties and could still detect their symptoms which 
may indeed last still longer in some of the cases Here are a couple of 
patients’ answers by way of illustration 

A N 44 years Doctor ‘ Have not been treated since for the jaundice 
It IS not present continuously, and I think that it has definitely occurred at 
longer intervals in later j'ears I have the impression that it appears parti- 
cularly at times when I have much to do, while it is generally absent durmg 
holidajs But I must admit that niy interest in watching the symptoms 
has flagged considerably in the course of years The last time that the 
jaundice was distinct enough for my friends to remark upon it was last 
summer when it was associated v ith an attack of diarrhoea ’ 

K A 37 years Doctor ‘On the whole I have felt well smee 1927, at 
any rate I can definitely say that I have not reported sick a single day on 
account of mj' jaundice condition Spells of lassitude still continue, but I am 
convinced that compared with 10 years ago the feelmg of tiredness has con- 
siderably diminished Long penods may elapse in which I feel nothmg and 
have reallv completely forgotten that there has ever been anythmg wrong 
with me The j ellow colour also is always present, but it is rather vanable 
I personally behove it is decreasing and I do not think I have such yellow 
penods as formcrlj', but it happens constantly that my colleagues exclaim 
“ But you really arc jaundiced ” Gomg to bed late has a bad effect on me , 
I need eight hours’ sleep But the worst thing is spirits which has a direct 
depressing action for the next few days But if I avoid these evils I consider 
my capacity for work is on the same level as that of others ’ 

The result of the after-investigation, however, is to confirm the impression 
originally gained of the absolutely benign nature of the disease or condition, 
while the conception of the prognosis remains unchanged, even though the 
material mcludes an isolated cose m which the diagnosis is open to doubt 

Rozendaal, Comfort, and Snell (1935), whose startmg-point was evidently 
the routine laboratory examination for serum-bihrubm, reported that in 
29 per cent of their patients who had jaundice of the constitutional type, 
disease of the gall-bladder eventually developed, and they concluded that 
this implies that constitutional hepatic dysfunction, at least of the grade 
capable of producing jaundice, predisposes to disease of the gall-bladder In 
view of my follow-up investigation I am qmte unable to appreciate this, 
and, moreover, it figures as a unique statement As pomted out fay Alwall 
(1946), the good prognosis is sigmficant from the point of view of life insurance 


Heredity 

Hereditary occurrence can be traced in some of the cases, and the more 
attention is directed to it the more frequently will it be recognized It has 
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which indicate a common infection As regards some of the cases, it is stated 
that the condition began onginaUy with ‘jaundice’, that is to say, it was 
thus called when it was first noticed, but m none of my cases have there 
ever been symptoms which were different from, or more severe than, what 
I subsequently observed There has not been more pronounced jaundice, no 
acholic type of faeces, and no dark unne The same apphes to Polaek’s 
(1937) and Abramson’s (1941) cases, which m fact are mterpreted as chronic 
hepatitis , thus it is said that they developed after attacks of acute hepa- 
titis which, however, were manifest only as ‘ extremely weak phenomena ’ 
Certam liver function tests detect a trifiing depreciation of the bver 
function, such as the citnc acid test and the hdirubm elimination test after 
a dose of this substance, but it is neither different from, nor more than, is 
already expressed by the very fact that there is shght jaundice The most 
important of the hver function tests, the Takata reaction, is always negative 
This 18 significant because a positive result of this reaction is so characteristic 
of subacute or chronic hepatitis Krarup and Roholm (1941) showed by 
numerous hver biopsies that a positive Takata reaction consistently develops 
pan passu with the chrome mterstitial changes m the hver during the course 
of the hepatitis, and at the present time when subacute and chronic epidemic 
hepatitis occurs in this country with extreme frequency (Bjermeboe and 
Brechner-Mortensen, 1946 , Jersild, 1946 , Alsted, 1946), we know that 
a positive Takata reaction is one of the surest entena for the diagnosis of 
subacute and chronic hepatitis Then finally, and most important of all, 
there are the hver biopsy results (Krarup and Roholm, 1941 , Wehn, 1946 , 
Alwall, 1946, Meulengracht, 1938) They one and aU show that m chronic 
intermittent juvenile jaundice there are no inflammatory changes m the 
hver whatever, cellular or mterstitial It may therefore be regarded that 
slight chronic hepatitis is excluded as the basis of the condition 

For the present it may be said that the pathogenesis is unknown It must 
be remarked that it is far from certam that the primary seat is m the hver 
The hver is a sensitive organ which reacts with shght jaundice to many 
different influences, and the starting-point of the complaint may be m other 
places than this organ To mention only one example, it has been demon- 
strated (Het6nyi, 1923, Hunt, 1933, McClure and Huntsmger, 1927, 
Diamond, 1928) that durmg a migrame attack shght bilirubmaemia occurs, 
without its being claimed that the seat of the trouble is m the hver To my 
mind there is nothing preposterous m seeking the origin of chronic mter- 
mittent juvemle jaundice with its prmcipal symptoms of fatigue and 
bilirubmaemia m some site m the organism other than the hver 


Diagnosis 

As a matter of course it must be borne in mmd, in dealmg with the indi- 
vidual case, that jaundice is of extremely common occurrence and that 
many different conditions can produce it, but first of all chronic hereditary 



Perhaps the gastro-mtestmal disturbances which some authors lay stress on 
should bo put in this class and regarded ns provocative factors 


Pathogenesis 

The first question is whether to regard the condition as physiological, 
that IS to say, as falling within the natural hmits of variation, or as a devia- 
tion from the normal Even if the bihrubin values at times may fall within 
the normal boundaries, it seems to he excluded that the entire condition 
can he so regarded The cases figure ns a group distinct from the normal, 
amongst other things by the presence of a subjective symptom of a defimte 
pathological nature, namely, fatigue Another explanation must therefore 
undoubtedly be looked for 

To a casual observer the condition maj' suggest chrome hereditary haemo- 
lytic jaundice There is the same slight degree of jaundice as m this disease 
and a similar varjnng intensity, but it can straightway be established that 
the complaint has nothing to do with this disease and that the jaundice is 
not haemolytic in type, since all the symptoms of increased haemolysis are 
lacking There is no splenic enlargement, no anaemia, no dimimshed osmotic 
resistance of the red colls, no microcytosis or spherocytosis, and no reticulo- 
cytosis These pomts have been thoroughly investigated with perfectly 
uniform results The quantitative urobilin excretion in the faeces was found 
to bo below normal (Dameshek and Singer, 1941 , Alwall, 1946) The bone- 
marrow was normal (Dameshek and Singer, 1941) Thus mvestigations on 
these latter points also do not favour the existence of increased haemolysis 
and blood regeneration Although earlier authors have advanced the possi- 
bility that it might be a question of ‘leichte hamolytische Konstitution’, 
by which, no doubt, cases of chronic hereditary jaundice with few symptoms 
IS meant, we can now refute this view That the van den Bergh reaction, 
direct or delayed direct, is negative is, m this connexion, beside the pomt 
It was long ago estabhshed, both by van den Bergh himself and by many 
others, that a negative direct or delayed direct reaction occurs in other 
forms of mild or chronic jaundice as well as m haemolytic jaundice, even 
indeed m the protracted jaundice following hepatitis 

The next point is whether the condition is due to mild chronic hepatitis 
It IS known that shght bilirubinaemia can persist for some time after acute 
epidemic hepatitis, varying in intensity, but sometimes strong enough to 
induce a trace of sub-jaundico Here it is a question of a protracted con- 
valescent stage, a kmd of residual bilirubinaemia It is likewise recognized 
that acute epidemic hepatitis passes into subacute or chronic hepatitis m 
a certain number of cases It is possible that such cases he hidden m the 
difierent material, which in reality are subacute and chrome hepatitis, but 
this afiords no satisfactory explanation of the bulk of the cases The here- 
ditary character of the condition does not seem to be in harmony with its 
being subacute or chronic hepatitis, and there are no observations extant 
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term ‘physiological hyperhilirulDmaeniia’ Gilbert and LerebonUet’s (1902) 
onginal title ‘cbol4inie simple famibale’ is better, but agam seems to me 
not entirely satisfactory, for one tbmg because tbe word cbolaemia is not 
quite appropriate Titles similar to Alwall’s (1946) ‘hereditary, non-haemo- 
lytic bibrubmaemia without direct van den Bergb reaction’ also strike me 
as being madequate, since it must be deemed irrational to define a condition 
by a negative quahty, m addition to which the hereditary factor does not 
come much mto prommence without systematic family mvestigations The 
term ‘chrome mtermittent juvenile jaundice’, m Latm, ‘ikterus mtermittens 
juvemhs’, which I have used for years, is supported by elementary chnical 
characters without assummg too much The adjective juvemle might be 
open to criticism, but it is an estabhshed fact that the disease is observed 
between the ages of 16 and 26 years I therefore consider that the title 
I have proposed is smtable until such time as a deeper insight into the 
pathogenesis is acquired 
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haemolytic jaundice and epidemic hepatitis in its subacute and chronic 
forms must be excluded It is easy enough to exclude the first disease All 
the tj^ical symptoms, enlargement of the spleen, diminished osmotic resis- 
tance, spherocytosis, reticiilooytosis, and hyperphasia of the red bone-marrow, 
aro wanting in chronic intermittent juvenile jaundice It is unnecessary to 
deal with this case any further It should also be possible to exclude epi- 
demic hepatitis in both its subacute and chronic forms, although in this 
case it may be rather more difficult In favour of intermittent jnvemle 
jaundice is the absence of previous acute hepatitis, scarcely visible jaundice, 
no iirobilinuria, a normal sedimentation rate, and a negative Takata re- 
action In favour of subacute or chrome hepatitis there is a greater degree 
of jaundice, penods of increased urobihnuna, possibly penods of bilimbi- 
nuria, a positive Takata reaction, an increased sedimentation rate, general 
detenoration, foetor hopaticus, and stellate telangiectases of the skin (spider 
telangiectases) If, in spite of all this, a satisfactory decision cannot be 
reached, as a last resort liver biopsy will settle the question In addition 
there is the tangible fact to roly on, namely, that young adults with hardly 
visible jaundice, varying in intensity but spread over years, and pronounced 
periods of fatigue, provide a typical and easily recognizable picture 

Treaiment 

As has been stated, a number of external factors such as indulgence m 
alcohol, lack of sleep, overwork, excitement, interourrent diseases, &c , have 
a cortam amount of influence on the condition and aggravate the symptoms, 
but beyond avoiding such harmful effects and pursmng an orderly way of 
life in dietetic and hygienic matters it can safely be said that we possess no 
specific therapy I have tned arsenic, vanous vitamins, &o , without being 
able to produce any result The most important therapy one can give 
patients is a diagnosis This is of value because the condition, as mentioned, 
can give rise to anxiety from which it is beneficial to be able to free the 
patient This is well illustrated by a couple of rephes — ‘I always remember 
with gratitude that you then banished the fear that I was suffenng from 
chronic hepatitis’, and ‘I am now convinced that it is a benign disease or 
anomaly which it is not worth while bothenng about Nor have I ever 
consulted anyone else about my disease, in fact I have ignored it entirely ’ 

Nommdatnre 

As will appear from the above, the condition discussed here has been de- 
scribed under various headings Both from a nosographical and a purely 
practical standpomt it is by no means a matter of indifference under what 
title a morbid condition is admitted into the nosographical system In the 
first place the title must not be maocurate such as ‘hamolytisohe Konsti- 
tution’ and ‘chronic hepatitis in young persons’ may be said to be Nor 
must it be too comprehensive, an objection which can weU be levelled at the 
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term ‘physiological hyperbihrubmaemia’ Gilbert and LerebouUet’s (1902) 
ongmal title ‘cboMmie simple famibale’ is better, but again seems to me 
not entirely satisfactory, for one thmg because the word cholaemia is not 
quite appropriate Titles similar to Alwall’s (1946) ‘hereditary, non-haemo- 
lytio bihmbmaemia without direct van den Bergh reaction’ also strike me 
as bemg madequate, smce it must be deemed irrational to define a condition 
by a negative quality, m addition to which the hereditary factor does not 
come much mto prommence without systematic family mvestigations The 
term ‘chronic mtermittent juvenile jaundice’, m Latm, ‘ikterus mtermittens 
jnvenihs ’, which I have used for years, is supported by elementary clmical 
characters without assummg too much The adjective juvemle might be 
open to criticism, but it is an established fact that the disease is observed 
between the ages of 16 and 26 years I therefore consider that the title 
I have proposed is smtable until such time as a deeper insight mto the 
pathogenesis is acquired 
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absoeption in tropical sprue ^ 

By D A E. BLACK, J P BOTINI), asd L P R POURTAAN 
(Prom the Central Military Pathology Laboratory, India Command) 

Since impairment m fat absorption, as shown by the excretion of fatty 
stools, os the most constant and characteristic feature of the sprue syndrome, 
an mvestigation on sprue should be based on adequate methods of measuring 
fat absorption Simple estimation of the percentage of fat m the dry stool, 
although it may he of some use m diagnosis, does not give quantitative 
information on the amount of fat actually absorbed, for it takes no account 
of the amount of fat m the diet, nor does it measure the total excretion of 
fat over any known period When a patient with sprue is put on a controlled 
diet of known fat content, and all the stools for a defimte period are collected, 
weighed, and analysed, it becomes possible to relate fat mtake to fat output , 
the percentage of fat absorbed over the period m question is given by the 
expression 

(dietary fat - faecal fat) , 
dietary fat "" 

Pat-balance studies of this kmd have been made m idiopathic steatorrhoea 
by Bassett, Keutmann, Hyde, Van Alstme, and Russ (1939), but we have not 
been able to find any record of the appbcation of this method to tropical 
sprue The object of the work described m the present paper was to assess 
the seventy of the fat absorption defect m tropical sprue, and to find out 
whether fat absorption could be improved by nicotimc acid and nboflavine, 
or by hver and yeast extract A prehmmary commumcation (Black, Four- 
man, and Tnnder, 1946) has outhned some of the conclusions reached, but 
the evidence on which they are based has not yet been fully presented 


Material 

The 28 patients studied were all soldiers who had acquired sprue on 
tropical service m India or South-East Asia Command All of them had 
steatorrhoea, and had lost 10 per cent or more of their body-weight , glossitis, 
moderate anaemia, and abdommal distension were common Many patients 
with sprue, when admitted to hospital and put on a controlled diet of 
moderate fat content, show spontaneous improvement Patients who were 
obviously improving rapidly at the time of admission have been excluded , 
patients who were not showing signs of improvement were put on a controlled 
diet, and their stools collected An interval of from eight to 24 days was 

* Keceived December 21, 1046 
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allowed to pass before any specific treatment was begun Five patients whose 
condition permitted it were observed tbroiighout without specific treatment , 
the other 23 patients were treated in various ways, as described below The 
usual period of observation for each patient was six weeks to two months 

Methods 

Tuo standard diets were used, one with 66 to 70 gm of fat per diem, the 
other mth 96 to 100 gm of fat Those patients who could tolerate the diet 
of higher fat content were put on it at the beginning of the observation 
period , others began on the 06 to 70 gm diet, and most, but not all, of 
these were transferred to the higher diet as they improved The diet was 
weighed out in the ward kitchen, and food residues were also weighed The 
fat content of the diet was calculated from food tables (McCance and 
Widdowson, 1939), and the mam sources of fat were analysed at mtervals 
to ensure that they conformed to the values given in the tables for Enghsh 
foodstuffs Variations in appetite led to deviation from the planned fat 
content of the diet in some cases, but the appropriate corrections based on 
the amount of food left over have been made in calculating the percentage 
fat absorption for each period The total stools for three- or four-day penods 
were collected in largo tm vessels and preserved with forraabn Cannme 
and iron markers were used to demarcate the penods The stools were 
weighed and thoroughly mixed w ith a large ladle Samples of 20 to 60 gm 
were transferred to weighed Petri dishes, and air-dned on a warm surface 
under a fan , the wet and dry weights of the sample were determmed One- 
gram samples of the dried stool were extracted thrice with ether m a Stokes’s 
tube, after treatment with 30 per cent hydrochlono acid m a boilmg 
w’atcr-bath for 10 minutes The ether extract was dned and weighed, to 
give the fat content of one gram of dned stool , this was multipbed by the 
total calculated weight of dry stool, to give the total fat excretion for the 
period 

B exults 

Qtneral considerations affecting interpretation As work on the Imes outlined 
above proceeded, it became clear that the results did not lend themselves to 
simple mtcrpretation The two mam causes of difficulty were the unexpected 
vanabibty in fat output from period to period and the occasional occurrence 
of unpredictable spontaneous improvement 

Variability of fat output Although duplicate estimations showed that the 
error of estimation of the fat m the dried stool was less than five per cent , 
it was found that successive four-day penods might differ m their apparent 
fat output by as much ns 60 per cent Figures lUustratmg this vanabibty 
cannot be given here, but are presented in a report to GHQ (India), to be 
published later The vanabibty was considerably lessened when cannme and 
iron markers were used, but the chief method of overcommg the vanabibty 
of fat output over short penods was to use periods of adequate length, that 
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18 , to group three penods of four days into a single 12'day period for inter- 
pretation Bassett, Keutmann, Hyde, Van Alstme, and Rubs (1939), also 
found it necessary to use long periods The conclusions reported here are aU 
based on 12-day penods, except m a few cases specified in the tables where 
treatment had to he begun early or the patient left hospital 

Sj)ontane(ms improvement This is not uncommon m patients with sprue 
who are at rest in bed on a controlled diet It is therefore always possible 
that an observed improvement may coincide with, rather than result from, 
a given treatment This consideration does not interfere with the inter- 
pretation of negative results of treatment In the case of yeast extract, m 
which the early results suggested a positive action on fat absorption, we 
used m the later cases a double prehminary period, so that any spontaneous 
improvement which was gomg to ocour might become apparent Five cases 
did appear to be improving durmg this long preliminary period, and these 
were kept under observation in order to assess the degree of improvement 
likely to occur spontaneously under the conditions of our experiment It is 
to be noted that these cases form a selected group, and if anythmg give an 
exaggerated impression of the extent to which improvement can occur with- 
out specific treatment 

Minor difficulties in interpretation arise from the occasional incidence of 
watery diarrhoea, from the change in some patients from a 65-gm fat diet 
to a 96-gm diet, and from the possibihty that part of the faecal fat is 
a true excretion and not unabsorbed food-fat Patients with watery diarrhoea 
were excluded from the senes until the diarrhoea had been controlled by 
liver treatment or sulphaguanidine , watery stools with sohd particles cannot 
be fairly sampled, and diarrhoea itself afiects fat absorption With regard to 
dietary vanation, it was found in five patients that change of diet from 
69 gm to 98 gm of fat per diem did not affect the percentage fat absorption 
enough to interfere with interpretation of fat balance results (Black, Four- 
man, and Tnnder, 1940) It was also found that on a fat-free diet sprue 
patients excreted no more fat than normal subjects, so excreted fat as 
opposed to unabsorbed fat represents only a small systematic error which does 
not affect sigmficantly the comparison of successive penods 


Fat Absorption in Untreated Sprue 

In 19 patients who were observed for an adequate period before starting 
treatment, the percentage fat absorption vaned from 51 to 86, with a mean 
of 76 6, and a median of 80 In normal persons fat absorption exceeds 
90 per cent of the intake It is probable that most of the faecal fat m such 
persons is excreted fat, and not unabsorbed food fat (Hill and Bloor, 1922) 
Excreted fat forms a smaller proportion of the faecal fat in the sprue stool, 
in which unabsorbed food fat is much higher than in normal persons It is of 
some interest that severe steatorrhooa can occur when by far the greater part 
of the fat in the diet is being absorbed , a 10 per cent failure in fat absorption 
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IS enough to double the normal daily output of fat m the stools From 
the point of view of assessing treatment, the wide variation between fat 
absorption in different patients is of less importance than the changes which 
a single patient is likely to show from one period to the next without change 
in treatment Our data on tins question are necessarily limited, for fairly long 
periods are required, and many patients cannot be left for 24 days without 


Table I 


Percentage Fat Absorption in Consecutive Periods without Treatment 



Penod 1 

Penod 2 

Difference in 
percentage fat 
absorption be 



^ 

Porcontngo 


s 

Porcontngo 

Cnso 

Duration 

fat 

Duration 

fat 

tween the 

(dnj’s) 

absorption 

(days) 

absorption 

penods 

8 

12 

80 0 

7 

81 G 

+ 1 6 

0 

8 

05 2 

8 

84 4 

+ 10 2 

12 

12 

85 7 

12 

82 7 

— 3 0 

22 

12 

80 0 

12 

86 2 

+ 62 

20 

8 

82 8 

12 

85 6 

+ 2 7 


specific treatment The five patients represented in Table I are therefore 
a selected group, in that they were either improving clinically, or at least 
not deteriorating It will be seen that the only definite difference in fat 
absorption from one 12-day period to the next was an increase of 19 per 
cent in Case 9 Anal} sis of the difference of 5 2 per cent m Case 22 shows 
that it IS not significant, in view of the variability of the data on which it is 
based It follows from this that observations on single cases by this method 
are of no value, unless the differences are gross , our subsequent conclusions 
are therefore based on series of comparably treated cases 


Nicotinic Acid and Pibqflavine 

Table II gives the fat absorption figures in two patients treated with 
nicotinic acid, 50 mg thrice daily , and in four patients treated with nicotinic 
acid, 60 mg thneo daily, and riboflavine, 6 mg daily, these drugs were 
given intramuscularly In none of the si\ patients was there any significant 
individual change in fat absorption, but taking the senes as a whole, there 
was a small drop in fat absorption in five of the six mstances The figures for 
the four patients who had both mcotmio acid and nboflavme were analysed 
together, and the probability of the fall bemg due to chance is 0 1 There 
was therefore no evidence that nicotmio acid and nboflavme improved fat 
absorption, and some evidence that fat absorption may actually have been 
depressed Since the two cases treated with nicotinic acid alone also showed 
a deterioration of the same order, it seems likely that m the oombmation of 
the two drugs it was the niootimo acid which was responsible No ohmoal 
improvement was observed with mootmic acid or nboflavme These results 
conflict with the claims of Manson-Bahr (1940) As Stamms (1942) pointed 
out, most of Manson-Bahr’s cases were havmg hver treatment at the same 
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time as mcotmio acid, and this could account for the improvement which he 
observed Tongue and month signs which are often attributed to deficiencies 
of nicotinic acid and ribofiavine are undoubtedly found in some cases of 
sprue , these signs are less prominent m early cases, such as we were mainly 
studying, and it is possible that favourable local results might be caused by 
mcotinic acid or ribofiavine therapy m cases with well-established secondary 

Tabiie n 

Effect of Nicottmc Acid and Riboflamnc on Fat Absorption 

Penod 1 Penod 2 Difference m 




^ 




percentage fat 



Percentage 


Percentage 

absorption be- 


Duration 

fat 

Duration 

fat 

tween the 

Case 

(days) 

absorption 

(days) 

absorption 

periods 

6 

12 

79-5 

9 

74 8 

-4 7 

9 

12 

79 8 

8 

70 4 

-9 4 

12 

12 

89 4 

12 

79 8 

—96 

14 

12 

77 2 

12 

76 2 

-2 2 

16 

12 

80 0 

12 

73 6 

-6 4 

17 

12 

79 2 

12 

82 3 

-1-31 

Note- 

—Period 1 m 

all cases was 

without treatment In Period 2 all patients 


were gzien 50 mg of mcotmio acid thnoe daily, in addition, cases 12, 14, 16, and 
17 were given 6 mg of nboflavma daily 


deficiencies of these vitamins Our own results suggest that the funda- 
mental anomaly in sprue, the failure of fat absorption, is not influenced by 
such therapy Intensive therapy with smgle vitamms may even be harmfnl, 
by accentuatmg a multiple vitamin deficiency, so-called ‘ vitamin unbalance ’ 
(Morgan, 1941) 

Liver Extract 

The value of liver extract in the treatment of sprue is well established 
Castle, Rhoads, Lawson, and Pajme (1935) showed that the anaemia of sprue 
responded to liver extract , some cases responded to liver by mouth, m others 
the liver had to be given parenterally Rodnguez-Molina (1943) found that 
the tongue signs, anaemia, and gastro-mtestinal disturbance of sprue all 
responded to parenteral hver extract , he used a daily dose of five to 10 c c of 
an extract, each c c of which was eqmvalent to only five gm of fresh liver 
The size of the dose and the crudeness of the extract used are worth noting, 
for failure m the hver treatment of sprue has been known to occur through 
inadequate dosage or the use of the refined hver extracts which are appro- 
pnate to the treatment of permcious anaemia Barker and Rhoads (1937) 
found that large doses of crude liver extract given by injection improved the 
absorption of fat m sprue, as judged by the serum-hpide curve after a fatty 
meal Senim-lipide curves arc open to some criticism in that the normal 
range is wide, and that they can measure only the rate of fat absorption and 
not the total amount (Black and Simpson, 1947) We have observed by 
the balance technique the effect of liver extracts on fat absorption m eight 
patients, four of whom were used for more than one trial, so that Table III 
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gives the results of 12 such experiments, each based on two successive 12-daj 
periods Three liver extracts were used — 

(1) T 0 F An Indian preparation, the only one available to us for some 
months, desonbed as containing ‘ most of the B-complex substances present 
in the original liver and as ' a pre-Cohn fraction G ’ We were unable to 
discover how much liver each c c of this extract represented, but it was 

Table III 


Effect of Liver Extract on Fat Absorption tn Successive 12-day Periods 



Ponod 1 

Period 2 

Difference in 
percentage fat 
absorption be 
tween the 

Cnso 
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fat 

r- 

Percentage 

fat 

Treatment 

absorption 

Treatment 
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O 
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CO 7 
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47 0 

-3 7 

24 

tl 
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» 

81 0 
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23 

It 

38 6 

Hepastab 

82 0 

—02 

12 

Nicotinic acid, 
nboflavino 

70 8 

Nicotinic acid, 
nboflavino, 
TCF 

83 7 

+ 39 

1C 

11 »» 

73 G 

II II 

78 0 

+ 44 

17 

• • II 

82 8 

Hepatex-T, 

TCF 

83 4 

+ 0 6 

14 

TCP 

57 2 

60 4 

+ 32 

15 

It 

18 0 

II II 

79 0 

+ 1 6 

17 

If 

83 4 

II II 

82 9 

-0-6 

20 

If 

09 0 

If II 

82 1 

+ 12 2 

12 

tt 

82 8 

Hepastab, 

TCF 

87 6 

+ 47 

24 

>1 

81 0 

II II 

81 8 

+ 08 


Note — ^Tlio dosage of liver is gi\on m the text, Case 2 had 2 co of T C F daily 
instead of the usual 4 c o 

found to bo effective in the clmical treatment of sprue, suggestmg that it 
was fairly crude, though it was certainly not so crude as the preparation 
described by Rodnguez-Molina (1943) 

(2) ‘ Hepastab ’ (Boots) A moderately reSned liver extract 

(3) ‘Hepatox-T’ (Evans) An extract containing the whole of the vita- 
min B complex naturally present m liver, and also added thiamine and 
nicotmio acid This preparation is designed for the treatment of tropical 
macrocytic anaemia 

The standard dosage used was 4 c c daily for all preparations, and m all 
cases a loading dose of 40 c o spread over four days was given at the 
beginning of liver treatment , all doses were given mtramuscularly When 
Hepastab and Hepatex-T became available, they were used m order to see 
whether they would produce an improvement in fat absoi^ition which we 
had failed to find with the less well-defined Indian preparation With the 
exception of one trial of Hepatex-T (Case 20), there was no sigmficant 
improvement in fat absorption, and the improvement of 12 2 per cent m 
one case out of eight, although statistically significant, could easily have been 
spontaneous (see Table I) Bassett, Keutmann, Hyde, Van Alstme, and 
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Russ (1939) also failed to demonstrate any improvement in fat absorption 
■witb bver treatment of idiopatbio steatorrboea Tbese negative results 
stand m contrast to the striking clinical improvement shown by the patients 
on bver treatment They gamed weight rapidly, their appetite improved, 
tongue signs disappeared, and they felt very much better Liver extract also 
improved diarrhoea m those patients who bad it , for reasons already given. 

Table IV 


Effect of Continued Liver Treatment {5 to 7 weels) on Fat Absorption 


Case 

Period 1 (before treatment) 
Percentage fat absorption 

Penod 2 (after 5 to 7 weeks of bver) 
Percentage fat absorption 

4 

76 

79 

11 

61 

77 

14 

75 

81 

16 

80 

79 

17 

79 

83 

19 

77 

84 

20 

70 

82 

24 

80 

87 

Jlean 

74 8 

81 5 

Standard deviation ± 6 44 

±3 21 


DiSetence between means 6 9 
Standard error of diSerence ± 2 64 

The difierence between the means is statistically significant 


such patients have not been mcluded in the fat-absorption senes Moreover, 
we found that patients who were kept on bver treatment for a month or 
more showed a gradual improvement m fat absorption (Table IV) The 
stnkmg feature is that with doses of bver extract sufBcient to produce rapid 
cbmcal improvement, there is so small and gradual an effect on the fat 
absorption defect This finding will be discussed later in relation to our 
results with yeast extract 


Yeast Extract 

The preparation used was ‘ Vegemite ’, which resembles ‘ Marmite ’ and is 
manufactured m Austraha It was given in a dose of 6 gm four tunes a day 
The effect of treatment with yeast extract on fat absorption is shown in 
Table V In all cases, the patients who were given yeast extract were also 
on either 4 c c or 2 c c of bver extract daily , the reasons for this procedure 
wore as follows 

(1) It has already been shown that liver extract m the dosage used, given 
over a period of less than a month, does not improve fat absorption demon- 
strably, so that any observed improvement withm this period can be ascribed 
to the added yeast extract 

(2) As far as possible, severely ill patients were chosen for this study, to 
lessen the chances of spontaneous improvement Such patients are bable 
to diarrhoea, with rapid deterioration in their general condition, and such 
relapses can be controbed or prevented by bver treatment 
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gives the results of 12 such experiments, each based on two successive 12 day 
periods Three liver extracts ■wore used — 

(1) TOE An Indian preparation, the only one available to us for sonie 
months, described as containing ‘ most of the B-complc\ substances present 
m the original liver and as ' a pre-Cohn fraction G ’ We were unable to 
discover how much liver each c c of this extract represented, but it was 

Table III 


Effect of Liver Extract on Fat Absorption in Successive 12-day Periods 



period 1 

Period 2 

Difference m 
percentage fat 
absorption be- 
tween the 
ponods 

Case 

Trontmont 

N. 

Porcontngo 

fat 

obsorption 

Treatment 

PercontBgo 

fot 

absorption 

2 

None 

60 7 

TCP 

47 0 

-3 7 

24 


70 6 

II 

81 0 

+ 15 

23 


38 6 

Hopostab 

82 0 

-0 2 

12 

Nicotmio ncid. 

70 8 

Nicotinic acid. 

83 7 

+ 30 

16 

nboflavino 

II II 

73 6 

nboflavino, 

TCP 

»» ir 

76 0 

+ 4 4 

17 

II II 

82 8 

II ♦♦ 

83 4 

+ 06 

14 

TCP 

67 2 

Hopatox-T, 

CO 4 

+ 32 

16 

II 

78 0 

TCP 

II II 

70 0 

+ 16 

17 

II 

83 4 

II II 

82 0 

-0 6 

20 

II 

00 0 

II II 

82 1 

+ 122 

12 

ft 

82 8 

Hepastab, 

87 5 

+ 47 

24 

II 

81 0 

TCP 

• 1 II 

81 8 

+ 08 

Note 

— Tlio dosage of liver ib given 

m the text, Case 

2 had 2 c c 

of T C F daily 

instead of the usual 4 c c 






found to bo effective in the clmical treatment of sprue, suggesting that it 
was fairly crude, though it was certainly not so crude as the preparation 
described by Rodriguez-Mohna (1943) 

(2) ' Hepastab ’ (Boots) A moderately refined liver extract 

(3) ‘Hepatex-T’ (Evans) An extract contaimng the whole of the vita- 
min B complex naturally present in liver, and also added thiamine and 
nicotinic acid This preparation is designed for the treatment of tropical 
macrocytic anaemia 

The standard dosage used was 4 c o daily for all preparations, and in all 
cases a loading dose of 40 c c spread over four daj-^s was given at the 
begmning of liver treatment , all doses were given intramuscularly When 
Hepastab and Hepatex-T became available, they were used in order to see 
whether they would produce an improvement m fat absorption which we 
had failed to find with the less well-defined Indian preparation With the 
exception of one trial of Hepatex-T (Case 20), there was no significant 
improvement in fat absorption, and the improvement of 12 2 per cent in 
one case out of eight, although statistically significant, could easily have been 
spontaneous (see Table I) Bassett, Keutmann, Hyde, Van Alstme, and 
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(3) Since no yeast extract suitable for parenteral injection was available 
to us, bver extract was given to ensure that any favourable action of yeast 
extract should not be prevented by a secondary absorption defect, such as 
may occur in sprue and be amenable to bver therapy 

Of the 12 patients represented in Table V the first six were put on yeast 
extract after 32 days or less on hver treatment, and their fat absorption in 
the first prehminary observation period ranged from 62 to 80 per cent The 
other SIX patients had all had hver for a longer period before yeast extract 
was started, and their mitial level of fat absorption also tended to be higher, 
and in two cases was over 80 per cent The patients m the second group 
showed a less defimte response to yeast extract, except for Case 27 whose fat 
absorption had remained at low level m spite of fairly prolonged hver treat- 
ment This IS partly because long-continued hver treatment may supply an 
adequate dose of factors similar to those m yeast extract and partly because 
it IS easier to demonstrate improvement in a patient with poor fat absorption 
than in one who is nearly normal, as the absolute amount of fat mvolved is 
larger Dr C C Spicer has made a statistical analysis of the fat-excretion 
figures for the first six patients in Table V, that is, those patients who had 
been receiving hver for not more than 32 days before yeast was added to 
their treatment There was a significant fall m the fat excretion m the 
yeast extract penod , the data did not show any progressive trend m the 
preceding (control) penod, such as might be expected if the improvement m 
Penod 3 were the result of a gradual change occurnng independently of the 
new treatment In individual patients, the variance in the fat excretion per 
three- or four-day penod was significantly smaller when the patients were 
havmg yeast extract 


Discussion 

The estimation of percentage fat absorption over 12-day penods is a useful 
method of assessmg the seventy and following the progress of steatorrhoea 
None of our patients with untreated sprue had a fat absorption higher than 
86 per cent , which is well below the normal value of 90 per cent or more , 
in contrast, we found considerable overlap in blood-fat curves between sprue 
patients and normal controls (Black and Simpson, 1947), and many patients 
with early sprue had a normal chylomicron count (Fourman, 1947) We believe 
that to assess the effect of treatment on fat absorption some adequate form 
of fat-balance must bo earned out m spite of its tedium, and the variance of 
three- or four-day penods is such that long observation periods are required 
Expressing the results of a fat-balance as ‘ percentage fat-absorption ’ shows 
clearly that the fat-absorption defect m sprue is only partial , in the most 
severe impairment observed, just over half the ingested fat was still being 
absorbed It should be remembered, however, that a percentage fat absorption 
of 80 per cent , which appears a very mild defect, still imphes that more 
than twice the normal amount of fat is being excreted in the stools, while a 
fat absorption of 60 per cent impbes four times the normal amount of fat in 
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6 When yeast extract was given by mouth in large doses some improve- 
ment in fat absorption occurred within 12 days Yeast extract may be of 
value m the maintenance treatment of returned patients with tropical sprue 

We are mdebted to Mr C K Dilwah and Dr C C Spicer for valuable 
help m the statistical treatinent of our data 
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the stools The absorption defect in our cases of early tropical sprue is of the 
same order as that detected b}' similar methods m idiopathic steatorrhoea 
(Bassett, Koutmann, Hyde, Van Alstine, and Russ, 1939, Cooke, Elkes, 
Frazer, Parkes, Pooney, Sammons, and Thomas, 1946) 

The use of mcotinic acid and riboflavine mthout liver injection had no 
favourable effect cither on the patients’ chnical condition or on their fat 
absorption Liver injection in adequate doses was followed by rapid chnical 
improvement , in contrast to this, fat absorption under liver treatment was 
not appreciably affected for some weeks, although with long-continued hver 
treatment there may be gradual improvement in fat absorption When 
yeast extract was given in large doses by mouth to patients on hver treat- 
ment there was a much more rapid improvement in fat absorption In 
explaining this phenomenon we incline to the view that it is a dose-effect, 
the much larger amount of veast which can be given by mouth, as compared 
inth hver by injection, is likely to contain more of whatever substance is 
active in improving fat absorption m sprue Liver almost certamly contams 
some of this substance, smee long-continued treatment with large doses of 
liver 18 attended by improved fat absorption Folic acid improves the anae- 
mia of sprue, and also the diarrhoea (Spies, 1940) Davidson, Girdwood, and 
innes (1947) reported improvement in fat absorption in one of two cases of 
tropical sprue studied with a three-day balance technique Much more 
extensive observations are required on this question, but it is possible that 
the improvement in fat absorption m our cases with yeast extract may have 
been partly due to its folic acid content From a practical point of view 
yeast extract by mouth deserves a place m the maintenance treatment of 
patients who have had sprue in the tropics and have returned to this 
country but contmue to have steatorrhoea Our experimental data suggest 
that it is more effective in improving fat absorption than any dose of liver 
n hich can conveniently be given over a long period 

Sumviary 

1 Fat-balance experiments were earned out on 28 patients with early 
tropical sprue The results were expressed as ‘ percentage fat absorption ’ 

/ (dietary fat - faecal fat) j^qq^ interpretation of such results is dis- 

y dietary fat / 

cussed in relation to the day-to-daj' variation in fat output and the 
possibdity of spontaneous improvement, the use of 12-day periods is re- 
commended 

2 In untreated sprue fat absorption ranged from 61 to 86 per cent , 
normal fat absorption is over 90 per cent 

3 Nicotinic acid and nboflavme given by injection did not cause chmeal 
improvement nor increase fat absorption 

4 Adequate parenteral liver treatment was followed by gam m weight an 
chnical improvement, but improvement m fat absorption was not appreciable 

for some weeks 
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5 When yeast extract was given by month in large doses some improve- 
ment in fat absorption occurred withm 12 days Yeast extract may be of 
value m the maintenance treatment of returned patients with tropical sprue 

We are indebted to Mr C K Dilwah and Dr C C Spicer for valuable 
help m the statistical treatment of our data 
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HEREDITY m HYPERTENSION^ 

By ROBERT PLATT 

(Prom the Department of Medicine, Manchester University) 

It is not a new observation that a family history suggestive of high blood- 
pressnre is commonly elicited from patients with essential hypertension, for 
Morgagni in 1769 mentioned the case of Zani who died of cerebral haemor- 
rhage and whose father ‘ had died of an apoplexy ’ Close mqniry will often 
reveal that m the family hypertensive disease has affected one or both 
parents and one or more of the siblmgs The histones of Cases 6, 14, 16, 
and 33 in the Appendix to the present paper are charactenstic and stnlong 
examples If this family predisposition to hypertension be acknowledged, it 
16 at first sight strange that the hereditary factor has not been fuUy worked 
out and generally recogmzed, for the immediate assumption is that we may 
be dealing with a simple Mendehan transmission of dommant type There 
are, however, many reasons why the study of the heredity of hypertension 
presents difficulties One is the intrinsic difficulty in all problems of human 
genetics, namely, that of simultaneously studying several generations In 
hypertension, which is often not manifest until middle age, this difficulty is 
magmfied, for almost without exception the affected parent is dead before 
the patient comes under observation, and the patient’s offspring are too 
young to have developed the disease Added to that is the fact that the 
testing of blood-pressure in general practice has become a routine only during 
the last 16 or 20 years We have thus only too often to be content with the 
patient’s statement that the parent died of heart failure, dropsy (presumably 
cardiac), seizure, stroke, apoplexy, or Bright’s disease Smce the majority of 
cases of hypertension succumb to heart failure rather than to cerebral haemor- 
rhage or uraemia, a history of death from cardiac disease must be considered 
important Such evidence could not be deemed acceptable if it occurred 
only in a moderate number of histones, especially having regard to the fre- 
quency of hypertension in later Ue, but if we are dealing with a dominant 
Mendehan character the history should be obtainable for one or both parents 
of practically every case, and if this were so it would indeed be convincing 
Exceptions would occur where one parent had died of other causes at an 
early' age, before hypertension could be expected to develop, and there might 
bo very occasional anomalies due to illegitimacy There is the further possi- 
bility , or even likehhood, that the gene conveymg hypertension has a 
rate of expression of less than 100 per cent , and is dependent upon other 
genetic or environmental factors for its effects to become manifest There is 
another and much more cogent reason why a history of hypertensive disease 
in a parent might not be found, and that is that hypertension is not an 

* Receued January 0, 1947. 
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entity but a syndrome with many causes The differentiation of essential 
hypertension from renal hypertension (chrome nophntis) has been made for 
many years, but it is only comparatively recently that the importance of 
what might bo called the obscure renal causes of hypertension has been 
reahzed Of these, chronic pyelonephritis, often in a healed stage without 
active infection, is probably the most important, and Weiss and Parker (1939) 
in their well-known monograph claim that it is the basis of at least 16 to 20 
per cent of cases of so-called malignant hypertension Wosika and Maher 
(1939) reviewed 000 cases of hypertension urologically and decided that 
71 per cent were ‘essential’ and 29 per cent secondary to demonstrable 
renal causes Schroedor and Steele (1939) in a similar survey of 218 cases 
put 20 per cent into tho renal group, and Harnson and Wilhams (1939) 
found some disorder of the urinary tract in 30 of 100 cases of supposed 
essential hypertension Weitz (1923), who studied the heredity of hyper- 
tension in 82 personal cases, found a suggestive family history in 70 per 
cent Hines (1937) found it in 80 0 per cent If these observations are put 
together the attractive possibility is immediately suggested that tho cases 
without family history are not essential hypertension It is with a view to 
testing this hypothesis that the present study has been made 

After this preamble we may turn to a bnef consideration of the evidence 
required to prove that essential hypertension is tho heterozygous (or ocoa- 
sionnllv homozygous) expression of a dominant Mondehan characteristic, and 
the observations which have been made on the subject up to the present time 
1 Where one parent %s affected, half the children should also develop the 
disease, and more than half if both parents are affected This is extremely 
difficult to prove in human hypertension because of the age of onset If the 
patient, perhaps aged 68 years, is the oldest of six siblings, the youngest may 
be onlj' 42 and may not yet show hsqiertension This, with the diflSculty of 
assembling tho siblings in sufBoient numbers and taking their blood-pressure 
(for without an actual reading the evidence is valueless), renders such a study 
almost impossible A further difficulty in testing subjects not complain- 
ing of hypertensive symptoms is to decide what constitutes hypertension 
Weitz (1923), nevertheless, attempted a study of actual blood-pressure read- 
ings in all tho available elder sibhngs of his hypertensive patients Of 47 
elder brothers and sisters of 30 patients, 27 had a sj'stohc pressure under 
160, 29 up to 160, and IS over 100 Eleven elder brothers and sisters had, 
however, already died of heart failure or apoplexy On the other hand, had 
they hved, some might not have been available for testing Some who died 
of other causes might also not have been available Assuming that on the 
whole these cases would have increased the number of hypertensives, the 
figure of 27 30 (takmg 160 systolic as the border-lme of hypertension) or 
29 18 (takmg 160 as the hmit of normahty) would approach nearer to 

a ratio of 1 1 Ayman’s (1933) study of three generations of a hypertensive 

family shows proportions similar to those which would be expected of a 
Mendehan dommant character, but is open to the difficulty of deciding what 
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IS to be considered as hypertension, especially in the younger members of the 
family Only one member of the three generations had a diastohc pressure 
of more than 100 

2 All ajfedtd persons should have at least one affected parent Weitz (1923), 
■whose data on this subject are the most comple'te, found that one or hoth 
parents died of heart disease, angma, dropsy, or stroke in 63 of 82 cases (76 8 
per cent ) Of the remaimng 19 only four (4 9 per cent ) had both parents h'ving 
to 60 years and over, whereas in 267 controls -without symptoms of hyper- 
tension, 33 7 per cent had both parents hving to be 60 -without cardiac or 
cerebral symptoms A positive family history of cardiovascular disease -was 
ohtamed m only 30 3 per cent of the controls Hmes (1937) made an ex- 
haustive study of the relatives of hypertensive and non-hypertensive patients, 
usmg the cold pressor test to determine a hypertensive -tendency m the 
younger members of the famihes He found a family history of cardio- 
vascular disease in 86 6 per cent of the hypertensives, m 84 2 per cent of 
the hyperreactors to the cold pressor test, and m only 17 2 per cent of the 
hyporeaotors 

3 All the children of unaffected parents should be normal In the case of 
human hypertension the data so far collected allo-w of proof only m a nega- 
tive sense, namely, by demonstrating the essential truth of proposition 2 above 

4 Direct transmission through three generations {in the absence of marriage of 
blood-relations) is practically proof of dominant Aeredtiy -{Roberts, 1940) This 
has been shown m the family recorded by Ayman (1933) and m several of 
the famihes in the paper by Weitz (1923) 

6 If the rate of expression is less than 100 per cent the mcidence in 
parents and sibhngs should be the same This is almost exactly reahzed 
in Weitz ’s data 

It seemed to the author that considermg the difBculties of study m a 
condition of this kmd, the best contribution that could be made to the 
subject at this stage -would be an analysis of 100 or more cases of hyper- 
tension -with a view to determining whether the ones without a family 
history were those in whom hypertension was not of primary or essential 
type Since we have to rely on patients’ statements rather than on measur- 
able data, it is important that the relevant details of each case should be 
given, hence the somewhat bulky appendix to the present paper The 
patients were unselected except m two respects Clear cases of nephritic 
hypertension were excluded, and, in view of the doubt as to what constitutes 
a normal blood-pressure, it was decided from the beginnmg that the e-vidence 
of hypertension should be uneqmvocal The actual figures are given in each 
case So as not to set an arbitrary standard, only patients -with symptoms 
referable -to hypertension were included In every case the diastolic blood- 
pressure was 100 or over Nevertheless, the series in no sense represents 
a random sample of the hypertensive community, for m a large teaching 
hospital elderly persons suffering from the minor effects of a bemgn hyper- 
tension long sustained are rare The senes no doubt includes a far bigger 
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proportion of tbo bypertonsivo rarities and extremes than would be found, 
for example, in a survey taken from general practice 

Actually 116 cases have been studied, and are divided into four groups 
Group 1 comprises those in whom the evidence of hypertension in one or 
both parents is very strong or, if the evidence is uncertain, is supported by 
a history of hypertensive disease in siblings of parents or patients Group 2 
comprises those in which the evidence pomts only to a reasonable probabihty 
of hypertensive disease in one or both parents This includes most of those 
in which the parent died early or suddenly of heart fadure Group 3 com- 
prises those cases in which the evidence is lacking, for instance nothing is 
known of the cause of death of a parent, or the death occurred from some 
cause other than hypertension at an early age (that is, younger than the 
present ago of the patient) These oases neither support nor refute the hypo- 
thesis Group 4 comprises those in which the evidence is agamst hypertensive 
disease in either parent All the data concemmg the family history were 
collected personally bj' the author This is of great importance, as is well 
shown bj' Case 19, in which the House Physician’s notes stated that the 
father had died of bronchitis On inquiry the jiatient stated that her father’s 
illness started with nose-blceding, followed by rapid deterioration of vision 
which could not bo corrected by glasses This was followed by shortness of 
breath and death from ‘ bronchitis ’ The illness lasted several months In 
addition to the study of 110 cases of hypertension, family histones were 
taken from 71 unselectcd patients without hypertension Only patients over 
the ago of 30 3 ears wore used for this purpose They are referred to in the 
Tables ns the Control Group 

Analysis of the final diagnosis in the 116 cases of hypertension is not easy, 
because some of those who appeared to have essential hypertension also gave 
a history of p 3 'eloncphritis or other renal disorder m the past Evidence will 
be presented later that in such cases a strong family history of hypertension.- 
argues in favour of the case being one of essential rather than secondary 
h 3 pertcnsion, but it is not admissible to use such evidence as a proof of its 
validity The cases are therefore primarily divided mto those m which essen- 
tial hypertension appeared to bo the only tenable diagnosis (78 cases), and the 
remainder in which secondary hypertension was either defimte (for example, 
polycystic kidney and periarteritis nodosa) or at least possible 

The distribution is as follows 

Essential hypertension (benign 61, malignant 17) * 78 

Probably essential hypertension (bemgn) 4 

Secondary hypertension 

Pyelonephritis 91 28 

Other causes 91 

Uncertain whether essential or secondary (pyelo- 
nephritis 8, calculus 2) 

Diagnosis doubtful (Cases 69, 68, 107, 111, 112, 113) 6 

116 
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Table I shows the analysis of these cases and of the Controls grouped 
according to their fanuly histones, and Figs 1 to 4 show that the distribution 
in essential hypertension is totally difEerent from the distnbution in secon- 
dary hypertension, which closely simulates that of the Control Senes Age 
IS of course a factor in family history Young persons are much more likely 
than old ones to have two living parents The average ages are, therefore. 



Fig 1 Fig 2 Fig 3 Fig 4 

Essential hyper- Secondary hyper- Control senes Controls over 

tension tension 40 years 


Table I 


Family 

Hyperten- 
sion (all 

Essential 

hyperten- 

Other 

hyperten- 

Control 

Controls 
over 40 

hifltory 

cases) 

sion only 

sives only 

senes 

years 


No % 

No % 

No % 

No * 

No 

Group 1 

(Positive) 

C4 46 0 

46 69 0* 

8 21 1 

16 22 6* 

14 25 6 

Group 2 

(Probable) 

18 16 0 

13 16 7 

6 13 2 

10 141 

6 10 9 

Group 3 

(Incomploto) 

23 10 8 

14 17 9 

9 23 7 

17 23 9 

16 27 3 

Group 4 

(Negative) 

21 18 1 

6 6 4t 

16 42 1 

28 39 4t 

20 34 6 

Totals 

116 

78 

38 

71 

65 


* Standard error of diSorenco » 7 6 f Standard error of diSerence — 04 
DiSeronces in Groups 2 and 3 throughout are not significant 
(See also Addendum on p 121 ) 


given m Table II, and will he seen to be comparable In the second Control 
Group cases under the age of 40 years have been omitted to bring the 
average age into line with that of benign hypertension Summarizing from 
the point of view of heredity it will ho seen that about 70 per cent of cases 
of essential hypertension gave a family history suggestive of hypertension, 
and in only 6*4 per cent (five cases out of 78) did the familv history appear 
to speak against h} pcrtension In the remainder the data are not obtainable 
In the secondary hypertension group and the Control Group these figures 
are approximately 35 and 39 per cent respectively These results closely 

[QJA! \fw8crtr»\o 03) j- 
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correspond with those of Wcitz (1923) If essential hypertension were in- 
herited by a simple I^Icndolian dominant transmission there should be no 
cases with a negative family lustory (Group IV) The exceptions must there- 
fore bo further scrutinized 

Case 97 is a young woman of 21 years, the youngest case m this senes to 
bo classified as benign hypertension She has severe hypertension with no 
papillocdema A sympathectomy has given opportunity for biopsy study of 
both kidneys Histologically they are peculiar m showmg only the shghtest 

Table II 


Ago distnbution 

A\ orngo ago 

Kongo 

Number of oases 

Sfalignant hyportonsion 

47 

34 to 68 

17 

Bonign hjpcrtonsion 

60 

36 „ 70 

01 

Other liyportonsn c3 

44 

20 „ 00 

38 

Control Rcrics 

49 

30 „ 73 

71 

Controls over 40 years 

63 

40 „ 73 

66 


evidence of pathological clinngo at all, occasional glomerular sclerosis There 
IS no histological evidence on which the pathologist could base a diagnosis of 
hypertension, either benign or malignant In this the sections differ from 
any other biopsy material wo have scon, and it is possible that there is some 
endocrine factor at vork, although so far there is no cbmeal evidence to 
support such a view, except that the patient developed mild symptoms of 
liyporthyroidism temporarily during thiocyanate treatment It has not been 
possible to investigate the parents 

Case 99 appears to conform to the characteristics of mahgnant hyper- 
tension This was a man of 50 years whoso father died of pneumonia at 64 
The possibility of hypertension in the father cannot be ruled out 

Case 106, another man of 50 years with mahgnant hypertension, has been 
most carefully searched for evidence of renal pathology without success 
Biopsy during sympathectomy (on one side only at the time of wntmg) 
shows changes mdicating early malignant hypertension This appears to be 
the one absolute contradiction to the hereditary rule postulated 

Case 108 is a young woman of 36 years with extreme obesity (IS stone) 
which may bo an important factor in her hypertension 

Case 110 IS a young man of 36 years in whom the hypertension was dis- 
covered accidentally and the symptoms were probably psychogemc Rest 
and reassurance in hospital restored the blood-pressure to normal His father 
died of cancer at 50 years and it seems not unlikely that the patient may 
hve at least as long 

Group IV also contains three cases in which the diagnosis appears doubt- 
ful In Case 112 there is strong evidence of renal pathology but the patient 
refused further investigation 

Case 111 was compheated by bronchial carcinoma The patient was 
umntelbgent and unco-operative and the data are mcomplete 

Case 113 IS peculiar At the age of 18 years he had pneumonia and 
empyema He is known to have had hypertension from the age of 23 to 
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27 years He then had a hemiplegia and was admitted to hospital While in 
hospital he had an attack of severe abdominal pam associated with transient 
jaundice and signs of intestmal ileus The blood-pressure fell to 140/90, but 
after some days he slowly regained strength and his blood-pressure returned 
to 210/140 Periarteritis nodosa is considered to be a possibdity 


Discussion of Heredity 

It 18 impossible from the data which can be assembled in this way to 
produce anythmg like proof that essential hypertension is conveyed as a 
Mendehan dominant The most that can be said is that the facts are 
compatible with such a hypothesis, that the great majority of cases m which 
the rule does not seem to hold are not essential hypertension at aU, and that 
careful investigation will reveal a hereditary factor in over 90 per cent of 
cases of essential hypertension m which the necessary data are obtainable 
Unfortunately m about 20 to 25 per cent of all hospital patients either the 
mode of death of a parent is unknown, or death at an early age from some 
other cause makes evidence for or against a hypertensive heredity unobtam- 
able Nevertheless the realization of the importance of heredity m essential 
hypertension has a very practical outcome On the data assembled here it 
IS possible to say that in a case of hypertension of uncertain origin a strongly 
suggestive family history (Group 1 ) provides nearly a 6 to 1 chance that the case 
IS one of essential hypertension, whereas if the history gives strong evidence 
against hypertension in the parents (Group 4) the chances are more than 3 to 1 
in favour of some other cause of hypertension bemg found, and the case 
should be thoroughly investigated m order to establish an accurate diagnosis 
This IS particularly important in the search for cases of h5^ertenBion with 
unilateral renal pathology m which a cure by nephrectomy may be possible 
It IS interesting that m compiling a review of the hterature of unilateral 
renal disease and hypertension (Langley and Platt, 1947), 23 cases were 
found m which the family history was reported Of these 1 1 gave a positive 
family history of hypertension and 12 a negative history Of the 11 with 
a positive family history only one was cured by nephrectomy Of the remain- 
ing 12 no less than eight were successful 

The realization of the great importance of heredity moreover makes one 
cautious m accepting the loose statements v hich tend to be made from time 
to time on the importance of environmental factors, especially psychological 
trauma, on the development of hypertension There are those who seek to 
place essential hypertension amongst that popular group, the psychosomatic 
disorders If so, then the psj che is evidently as hentable ns the soma We 
have seen no evidence in studj mg the present senes of cases that psj cho- 
logical factors have played any part in the causation of the disorder, except 
that in certain cases a mild anxiety state is hable to be induced by the 
patient’s realization that he has a high blood-pressure Further study on 
this subject IS being undertaken 
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Before leaving the Bub]eot of heredity, the question of whether the homo- 
zygous form of hypertension can bo distinguished from the heterozygous 
should bo considered In cases in which hypertension probably existed in 
both parents wo liavo been unable to discern any tendency for hypertension 
to occur in a particularly severe form in any of the offspnng, and Case 6 
demonstrates that severe malignant hypertension can occur at an early age 
in a patient who is certainly heterozygous, ns her father’s blood-pressure is 
knov n to have been low JIahgnant hypertension is not therefore the homo- 
zygous expression of the gene Wo have not personally found a family m 
w hich all the siblings wore known to have hypertension, neither is any such 
family recorded by Wcitz (1023) 

Finally, we are not prepared to say whether the inherited factor is specific 
for hj’portonsion or is merely a tendency to arterial or arteriolar change 
affecting in some instances tho renal vessels and in others the coronary or 
cerebral circulation In 1 2 of our 69 instances of essential hypertension with 
positive heredity the onlj' evidence was that of cardiac disease in the family 
Since hypertension is tho common accompaniment of heart failure and of 
coronary disease (69 per cent according to Cassidy (1946)) in the middle-aged 
or elderly, there is a probability, but by no moans a certainty, of hyper- 
tension in these oases Tho final word on this subject must await long-term 
studies of hy^portension with actual blood-pressure determmations in several 
generations 

Classtficatton of Hypertension 

Tho study of this group of 1 1 6 hypertensives has provided some data on 
matters other than heredity, which may bo bnefly presented Of the causes 
or possible causes of secondary hypertension, when chronic nephntis is ex- 
cluded, pyelonephritis appeared to be by far the most frequent, and occurred 
in 17 case histones Other causes were uncommon — renal calculus 3 instances, 
polycystic kidney 2, other congcmtal abnormahties 2, periarteritis nodosa 2, 
pregnancy toxaemia 2, JIorgagni-Morel syndrome 1 (Case 114) This list 
docs not of course exhaust tho interesting possibihties in the pathogenesis of 
hypertension 

It is often difficult to make a clinical diagnosis between chronic (healed, 
atrophic) pyelonephritis and essential hypertension It appears from the few 
instances encountered in tho present scries that when renal insufficiency 
with hypertension is not accompanied bv papiUoedema, secondary hyper- 
tension may be suspected (Cases 60, 64, and 70), but there are of course 
cases of chronic pyelonephritis in which renal function is maintained (for 
example. Case 91) and others m which both papiUoedema and renal failure 
occur (Cases 98 and 100) Case 2 is exceptional in being apparently a case 
of essential hypertension with renal failure but without papiUoedema Even 
at autopsy the characteristic arteriolar changes of mabgnant hypertension 
wero Dot detnonstrftbl© 

The distinction between benign and mabgnant (essential) hypertension is 
worth further comment, for there has been some doubt m the past whether 



HEREDITY IN HYPERTENSION 


119 


they are the same disease, especially because of the earlier age incidence of 
the malignant type In the present study the presence of papdloedema has 
been taken as the criterion on which a diagnosis of mahgnant hypertension 
has been made This is always accompamed by a very high diastohc pres- 
sure, but may precede the development of renal insufficiency Histologically 
the characteristic findmg m mahgnant hypertension is fibrmoid necrosis of 
artenoles Biopsy m Case 4 showed that papiUoedema may develop before 
these ‘malignant’ changes are observed in the artenoles of the kidney. In 
the author’s opinion there are five good reasons for thinking that mahgnant 
and bemgn hypertension are vanants of one disease 

1 They have the same hereditary background In the present senes 
76 4 per cent of cases of benign hypertension and 76 6 per cent of cases of 
mahgnant hypertension feU mto hereditary Groups 1 and 2, although the 
malignant cases had a larger proportion m Group 2 and a smaller m Group 1 
than the benign 

2 When oases of secondary hypertension are carefully excluded the dis- 
crepancy in age between the two types becomes less evident In this series 
the average age of the mahgnant group was 47 years, that of the benign 
group 65 years Allowmg for the rapidity of the course m the former it is 
not surprising that these patients seek advice some eight years earher in 
their hfe-history 

3 A transition from the bemgn to the mahgnant type can sometimes be 
observed Cases 4, 16, and 18 are examples 

4 The experimental work of Goldblatt (1937) and Wilson and Byrom 
(1941) has shown that in animals the changes of bemgn or of mahgnant 
hypertension may be produced by the same process, namely, renal ischaemia, 
varying only in degree 

6 Secondary hypertension in man, for example, hypertension due to 
chronic pyelonephritis, may bo seen either m the benign or the mahgnant 
form (Cases 91, 94, and 100 are illustrative), and the causation is presumably 
the same in each instance 

Terminology 

Finally a plea might be made for a better termmology The word ‘ bemgn’ 
18 a misnomer when apphed to a disease which is frequently fatal, the 
adjective ‘malignant’, although expressive, is objectionable at the bed- 
side It is suggested that the terms ‘simple’ and ‘compound’ hypertension 
might be used in the same sense m which they are apphed to the interest 
on a loan The one term implies a steady but slow accumulation of effect 
The other infers that each advance in the disease sets the process in motion 
at an increased speed Thus Wilson and Bjrom’s (1941) concept of a vicious 
circle m mahgnant hypertension could bo symbohzed 

Summary and Condvstons 

1 Previous studies of the family histones of patients with hypertension 
have shown a horeditarj factor m 76 to 86 per cent of cases 
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2 Urological studies of hypertension have demonstrated a renal factor in 
20 to 30 per cent of cases 

3 The present paper attempts to combine these observations in order to 
determine whether the cases without a family history of hypertension are 
those in which the hypertension is secondary to some demonstrable urological 
disorder 

4 Owing to the usual difficulties in studying human genetics and in relying 
on patients’ statements, it is impossible to advance a proof, but the evidence 
18 compatible with the hypothesis that essential hypertension is a hereditary 
disease conveyed as a Mondehan dominant with a rate of expression of more 
than 90 per cent 

6 The great majority of coses of hypertension which do not conform to 
this rule are not essential hypertension at aU, but are secondary to some 
renal or other cause 

6 Pyelonephritis, when chronic nephritis is excluded, is the commonest 
cause of secondary (that is, non-esscntial) hypertension 

7 Evidence is set out supporting the assumption that benign and mahg- 
nant (essential) hypertension are varieties of one and the same disease 

8 A plea is made for a change of nomenclature, and it suggested that the 
terms ‘ benign ’ and ‘ malignant’ should be replaced by the adjectives ‘simple’ 
and ‘compound’, indicating m one case a slow and steady increase, and in 
the other a state m which the advances of the disease accelerate its speed of 
progress 

The author wishes to acknowledge bis gratitude to his colleagues both at 
the Manchester Royal Infirmary and at Withington Hospital for allowmg 
him to study their coses, and his debt to the authors of the two books on 
human genetics referred to in the References 
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ADDENDUSI 

Since this paper was written another 77 cases of hypertension have been 
seen and examined Of these, 44 were diagnosed as essential hypertension, 
29 of them giving a clear history of hypertension m one or both parents 
(family history Group 1) Six had a negative heredity (Group 4) 

The remaining 33 cases were diagnosed as secondary hypertension, and of 
these no less than 20 had a negative family history (Group 4) The final 
figures for Table I are therefore as follows 

Essential hypertension Other hypertensives 


Group 1 

76 

14 

Group 2 

16 

7 

Group 3 

20 

14 

Group 4 

11 

36 
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THE SIGNIEICANCE OF THE VAN DEN BERGH 

REACTION" 

By C H GRAY 

(From the Biochemical Laboratory, King’s College Hospital, London) 

hitrodudion 

A BEASSESS3IENT of the clinical significance of the van den Bergh reaction 
IS rendered highly desirable by the development durmg the last 16 years of 
new methods for the determination of bilimbm m body flmds as well as for 
the estimation of the proportions of the alleged direct and mdixect forms 
of bilimbin Moreover, modem photo-electnc devices permit an accurate 
measurement of the rate of formation of colour in the van den Bergh diazo 
reaction, and thereby offer a more objective means of distinguishmg between 
so-called prompt, biphasic, and delayed direct van den Bergh reactions given 
by jaundiced sera Van den Bergh and Muller (1916) showed that the 
presence of alcohol was not necessary in the production of the red pigment 
azobilimbm by the action of a solution of diazotized sulphanilic acid (the 
Ehrhch diazo reagent) on bile or sera from patients with obstmctive® 
(regurgitation) jaundice Such sera were said to give a direct reaction in 
contrast to sera from normal persons or from patients with haemolytic 
(retention) jaundice, which formed azobdirubm with the diazo reagent only 
m the presence of alcohol or other hydroxyhc substances, and which were 
said therefore to give an indirect reaction Van den Bergh and Muller (1916) 
observed that sera giving the mdirect reaction either completely failed to 
react with the diazo reagent m the absence of alcohol, or gave only a delayed 
direct reaction, but they did not regard these differences as of chnical signi- 
ficance Later workers (Feigl and Quemer, 1919, Lepehne, 1920, McNee, 
1922) subdivided the direct reaction mto prompt and biphasic types according 
to whether the formation of azobihrubin rapidly approached its maximum 
or whether the initial penod of rapid formation was followed by a more 
gradual deepening of the colour Such biphasic reactions, which are common 
in hepatogenous jaundice, have hitherto been regarded as due to the presence 
in the scrum of two forms of bilirubin, one (direct bdirubin) giving a prompt 
reaction, and the other (indirect bilirubin) the delaj^ed reaction character- 
istic of retention jaundice Attempts to determine the rate of formation of 
azobihrubin in the direct reaction have been made by Malloy and Evelj n 

' Rcceiied rebrunry 20, 1947 

• In the pie«cnt nrlicto the nomenclnturo used 'n'lll bo that of Rich (1030) who classi- 
fied jaundice into retention nnd regurgitation tj-pes Retention jaundice corresponds 
to hnoraolj tic jaundice, but regurgitation jaundice is eubdiv-idcd into mechanical and 
parcncbj-mnl t \ pcscorrcsponding to obstructiv o and hepatogenous jaundice rcspectis eK 
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IS no longer tenable Moreover, tbe existence of two distinct forms of bib- 
rnbm has never been demonstrated unequivocally, so that tbe significance 
of alleged measurements of direct and indirect bilirubm requires reinter- 
pretation Methods of investigation depending on the alleged solubility m 
chloroform of indirect bilirubin are useless owing to incomplete extraction 
m the presence of protein, and need no further consideration Measurements 
of the relative proportions of azobihrubin formed with and without the 
addition of alcoholic substances might be more satisfactory, and Gray and 
Whidbomo (1947) have suggested that the use of the terms direct and in- 
direct bilirubin should be abandoned in favour of the term direct-mdireot 
quotient This direct-indirect quotient, conveniently abbreviated to D I Q , 
may be defined as 

final amount of azobihrubin formed in the direct reaction . . . 

— ■— X 100 

final amount of azobilirubm m the mdirect reaction 
It has long been known that sera from patients with retention jaundice 
may give delayed direct van den Bergh responses, and since similar reactions 
may be obtained in regurgitation jaundice as well as chronic liver damage 
when the serum-bilirubin is only slightly raised, it appeared important to 
investigate more fully the possibihty of distinguishing these conditions by 
dotermmation of the rate of tbe direct reaction, or by suitable measurements 
of D J Q The value of D I Q will vary with the pH at which the reaction 
18 investigated and with the time at which the extent of the direct reaction 
is measured, as well as with the composition of the reaction mixture of the 
particular method used The problem therefore presents itself as to which 
of the various methods of measuring D I Q is of the greatest value m clinical 
work 


Methods 

Of the methods available, only those are worthy of consideration in which 
the nsk of adsorption of pigment on to precipitated protein is avoided The 
methods of Rappaport and Eichhorn (1943) and Malloy and Evelyn (1937) 
fulfil this condition, and it has been shown that for the determmation of 
total bihrubin these two methods agree well, provided precautions are taken 
in the preparation of the calibration curves The direct reaction was investi- 
gated by a photo-electric modification of the method of Rappaport and 
Eichhorn, the course of the direct reaction bemg followed by measunng the 
azobilirubm formed after varying times m the presence of a phosphate buffer 
containing urea Since with certain sera the presence of urea in the reaction 
mixture has a profoimd effect upon the course of the direct reaction,® similar 
investigations have been made using a phosphate buffer without urea 
Similarly , the course of the indirect reaction was followed by measunng the 
azobilirubm formed after varying times in the presence of a buffer containing 

The final concentration of urea m the reaction mixturo is IS 6 gm per 100 c c and 
tho effect desenbed oboic is not scon when urea is present in the much smaUer 
concentrations found in tho body flnids in clinical uraemia 
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(1037), Lcpohne (1941), and Gray and Whidbome (1046) in order to dis- 
tinguish between prompt, biphasic, and delayed direct van den Bergh 
reactions 

Numerous methods of determining the proportion of directly and m- 
dircctly reacting bilirubin have therefore been described, some depending on 
an alleged difference in solubility in chloroform of the two forms of bilirubin 
(Newman, 1928 , Sepulveda and Osterberg, 1942) Ducci and Watson (1946) 
have shown that the chloroform-soluble bilirubin is regularly less in amount 
than the indirect bilirubin fraction as determined by another procedure, and 
it seems rcnsonabl}’ certain that a vanablo loss of bilirubin must result when 
attempts are made to extract the pigment in the presence of protein Others 
have measured the relative proportions of nzobilirnbm formed with and 
without the addition of alcoholic substances jMalloy and Evelyn (1937) 
compared the amount of nzobilirubin formed in aqueous solution in 30 mm 
w ith the total amount formed in the presence of methjd alcohol Eappaport 
and Eichhorn (1943) measured so-called direct bilirubin bv azobilurubin 
formation in the presence of a phosphate buffer containing urea, and total 
bilirubin in the presence of citric acid and caffeine Ducci and Watson (1946) 
differentiated prompt-reacting bilirubin and delayed direct-reacting bilirubin 
by measuring the azobilirubin formed in 1 min and 16 mm under the con- 
ditions of the JIalloj' and Evelj n method It therefore appears necessary 
to consider critical]}' the relative merits of each of these methods of investi- 
gation, and to decide which, if any, arc likely to be of greatest value in 
clinical diagnosis 

Prompt, Biphasic, and Delayed Reactions and their Clinical Signifcance 

A photo-olectnc method for mvestigatmg the direct van den Bergh reaction 
bv following the rate of formation of the red pigment was first described by 
Malloy and Evelyn (1937) Lepehno (1941), however, found this method to 
bo of little value in diagnosis Gray and Whidbome (1946) used a modifica- 
tion of the method of Rappaport and Eichhom (1943) and followed the 
course of the direct reaction by measuring the azobihrubm formed after 
varying times It was thus shown that sera from patients with acute hepa- 
titis or obstructive jaundice gave a prompt, biphasic, or delayed reaction 
accordmg to the amount of bilirubin present and not according to the type 
of jaundice These different appearances were found to be due to the failure 
of strong azobihrubm solutions to absorb light proportionately to their con- 
centration (that IS, they fail to obey Beer’s Law) The classification of direct 
van den Bergh reactions into prompt, biphasic, and delayed types is there- 
fore of no value whatever m the differentiation of acute hepatitis from 
obstructive jaundice 

The Direct-Indirect Quotient (D I Q) 

The biphasic reaction given by some sera was formerly attributed to the 
presence of both direct and indirect reactmg bihrubm, but this explanation 
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usually observed, while the D I Q was generaUy much lower than in re- 
gurgitation jaundice In one case of retention jaundice, however, the direct 
reaction in the absence of urea was rapid on three different occasions, and 
the D I Q was well within the hunts found for regurgitation jaundice 

The course of the indirect reaction The indirect reaction was rapid in all 




cases of regurgitation jaundice examined, but in retention jaundice it was 
slow in about two-thirds of the cases 

These results are summarized in Table I 

Malloy and Evelyn method Table II shows the D I Q values given by the 
Malloy and Evelyn method when measurements were made at 1, 15, and 
30 min after the addition of the diazo reagents The Figure shows the dis- 
tribution of 30 min D I Q values found in cases of acute hepatitis, obstructive 
jaundice, haemolytic jaundice, and cirrhosis of hver 

Discussion 

The visual direct van den Bergh reaction It is generally recognized that the 
ordinary direct van den Bergh reaction is of only limited value in diagnosis 
A delaj ed direct reaction is often seen with sera from patients with reten- 
tion jaundice partly owing to the frequent coexistence of liver damage, and 
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caffeine and sodium citrate Measurements by the MaUoy and Evelyn 
method wore made at 1, 16, and 30 mm after mixing the reagents These 
investigations have been described m detail elsewhere (Gray and Whidborne, 
1940, 1947) All measurements of azobihrubin were made in the Spekker 
photo-electric absorptiometer 

liesiiUs 

liappaport and Exchliom method A detailed analysis of most of the results 
has been given elsewhere, but for clinical purposes the direct reaction may 

Table I 

The Nature of the Diazo licacitotis and the Direct- Indirect Quotient {D IQ) of 
Sera in Regurgitation and Retention Jaundice 

Tj’po of Speed of Number of 
jaundice reaction sera D I Q 

Direct ronotionm pro- Regurgitation Rapid 42 (33 cases) 7D ± 1 0 (67-100) 

sonco of uron Retention „ 60 (30 „ ) 78 ± 1 3 (69-100) 

„ Slow 0 (5 „ ) 63±6I(30-74) 

Direct roaolion in nb Regurgitation Rapid 12 (0 coses) 76±1 6 (68-84) 

sonco of uroa Retention Slow 1 1 (0 „ ) 36 ± 6 6 (8-78) 

„ Rapid 3 (I case) 67, 09, and 71 

Indirect reaction Regurgitation „ 42 (33 oases) — 

Retention Slow 41 (33 „ ) — 

„ Rapid 22 (13 „ ) — 

Table n 

D I Q Values Obtained at 1, 15, and 30 Minutes by the MaUoy and 

Evelyn Method 



Typo of jaundice 

Number of sera 

DIQ 

1 min reading 

Rcgurgitotion 

12 

32±1 6 (34-^1) 

If $t 

II 

12 

01 ± 1 3 (66-69) 

30 ,, ff 

ft 

12 

66±1 0 (60-71) 

1 ft II 

Retention 

0 

2 3±1 2 (0-9) 

10 ft ft 

l» 

6 

11 ±1 6 (6-16) 

30 ft ft 

II 

16 

30±5 4 (8-69) 


be desonbed ns rapid when it is 90 per cent complete withm 30 min , and 
slow when it is not These terms have been used in preference to the more 
usual prompt and delayed direct reaction, because there is no correlation 
between the diazo reaction in the presence of urea and the ordinary van den 
Bergh reaction 

Urea present in the reaction mixture In regurgitation jaundice the direct 
reaction was always rapid, and the D I Q high, that is, above 66 With 
59 sera from 30 cases of retention jaundice the D I Q was equally high and 
the direct reaction rapid, whereas it was slow m only six sera from five cases 
of retention jaundiee In the last six sera the D I Q was significantly lower 
than that encountered with sera from cases of regurgitation jaundice 

Urea not present in the reaction mixture In regurgitation jaundice the 
direct reaction was just as rapid and the D I Q just as high as was found in 
the presence of urea In retention jaundice a slow direct reaction was 
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always, lower than m regurgitation jaundice The senes of cases of chronic 
liver damage examined hy the Malloy and Evelyn technique gave, as was 
expected, similar results to those observed m regurgitation jaundice 


Conchcsions 

It IS clear that even with the refined modifications of the van den Bergh 
reaction now available, it is impossible to distinguish between the paren- 
chymal and mechanical forms of regurgitation jaundice, and it is not always 
possible to distinguish with certainty between retention and regurgitation 
jaundice Retention jaundice is frequently comphcated by liver damage 
and in such circumstances can be distinguished from regurgitation jaundice 
only by more elaborate hepatic function tests It is possibly worthy of 
mention that in one case of constitutional non-haemolytic jaundice the 
typical findings of retention jaundice were observed, although it is generally 
considered that the inabihty of the bver to clear bilirubin is the prmcipal 
factor m the causation of this condition 

Of the methods studied, the Malloy and Evelyn measurement of D I Q at 
30 min 13 the simplest and most helpful The Malloy and Evelyn method 
IS specially valuable since it gives more accurate results for the determma- 
tion of total bihrubm than most of the earlier methods A D I Q below 40 
IS diagnostic of retention jaundice, and a D I Q above 60, although usually 
indicative of regurgitation jaundice, can occur in retention jaundice com- 
plicated by liver damage A D I Q between 40 and 60 is highly suggestive 
of, but not absolutely diagnostic of, retention jaundice In cases of difBculty 
a reticulocyte count, erj'throcyte fragility estimation, search for sphero- 
cytosis, or determination of the faecal stercobihn excretion may be essential 
for the clinician to establish the diagnosis 

Summary 

1 The significance of the various types of direct van den Bergh reaction 
IS discussed, and it is emphasized that the so-called biphasic reaction is not 
due to the presence in the serum of two forms of bilirubin, but to the failure 
of strong solutions of azobilirubin to follow Beer’s Law 

2 The terms direct and indirect bihrubm should be abandoned because 
there is no proof that these two forma really exist 

3 The use of the term direct-indirect quotient (D I Q ) is recommended 
since it merely gives on expression of the extent of the direct reaction under 
the conditions of the experiment 

4 Neither the direct van den Bergh reaction nor anj of its modem 
modifications enable one to distinguish between the jaundice of acute hepa- 
titis and that due to obstruction 

o For clinical purposes, the method of Malloy and Evelj'n is the simplest 
and best of those examined A D I Q belou 40 is then diagnostic of re- 
tention jaundice, and a DIQ above 60, although usuaUy indicative of 
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partly because a -weak direct reaction is very readily detected since the 
scrum IS only diluted -with half its volume of diazo reagent With con- 
siderable experience of the -visual van don Bergh reaction, it is possible to 
judge with a fair degree of accuracy whether a given delayed direct reaction 
IS likely to be associated with regurgitation or with retention jaundice if it 
18 considered in relation to the total amount of bilirubin present Thus the 
direct reaction associated with a total serum bilirubin of 2 0 mg per 100 c o 
in regurgitation jaundice, may be stronger than that observed -with a total 
bilirubin of 4 0 mg per 100 c c in retention jaundice Such distinctions are 
difficult and may be misleading when the retention jaundice is accompamed 
by liver damage 

Tlic Jiappaporl and Eichhorn method and its modifications The rapid rate 
of the direct reaction in the presence of urea observed in almost all cases of 
jaundice clearly renders such investigations useless for the differentiation 
of retention from regurgitation jaundice In the absence of urea the slow 
reaction and significantly lower D I Q in retention jaundice suggest that 
such investigations might be of greater value, but the occasional occurrence 
of a rapid reaction and a high D I Q in such cases limits the significance of 
these findings The considerable percentage of rapid mdirect reactions in 
retention jaundice similarly limits the value of following the course of the 
indirect reaction Thus a slow indirect reaction is almost diagnostic of 
retention jaundice, but a rapid indirect reaction may occur in either reten- 
tion or regurgitation jaundice It is probable that such determinations of 
the rate of formation of nzobihrubm give no less information than do the 
D I Q determination at 30 min by the Malloy and Evelyn method The 
infinitely greater rapidity and simplicity of this latter method, however, 
renders it unquestionably the method of choice 

The Malloy and Evelyn method A superficial consideration of the 1 mm 
and 16 min Malloy and Eveljm values for D I Q would suggest that these 
might be of considerable value in the differential diagnosis of the two forms 
of jaundice, but it must be remembered that few cases of retention jaundice 
show bihrubin contents greater than 4 mg per 100 c c and the D I Q 
readings at 1 mm and 15 min therefore would correspond to about 0 2 and 
0 6 mg per 100 co respectively At this level measurements of optical 
density by many photo-electric devices are relatively inaccurate unless 
inconveniently large depths of solution are used, and even then measure- 
ments may be rendered inaccurate by minor variations in clarity of the 
solutions For roiitme work, therefore, it is preferable to measure the Malloy 
and Evelyn D I Q at 30 min , that is, at the same time as the total bilirubm 
With this technique, the two forms of regurgitation jaundice, as typified by 
acute hepatitis and obstructive jaundice, give almost identical distributions 
of D I Q and are quite indistinguishable by such measurements Neither 
the direct van den Bergh reaction nor any of ite modem modifications 
enable one to distmguish between the jaundice of acute hepatitis and that 
due to obstruction In retention jaundice the D I Q is generally, but not 
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HYPERTENSION AND UNILATERAL KIDNEY DISEASE^ 

By G J LANGLEY ast> ROBERT PLATT 
(Prom the Department of Medicine, Manchester University) 

Introdiiction 

The syndrome of unilateral renal disorder and hypertension is of great 
interest for three reasons Firstly, it was discovered as a result of a logical 
argument, experimental work had shown that the syndrome might exist, 
clmicians sought and found it, and removal of the disordered kidney brought 
about the anticipated cure Secondly, many of the cases cured by nephrec- 
tomy have heen of such seventy that they would otherwise rapidly have 
died from hypertension Thirdly, them cure has provided the first conclusive 
proof that human hypertension, even of the malignant type, can be directly 
caused by disease of the kidney, and that the effects of hypertension, even 
when profound, may be reversible It is not strictly true to say that the 
syndrome was discovered only after the work of (joldblatt, Lynch, Hanzal, 
and Summerville (1934) and Wilson and Byrom (1939), because Schwarz 
(1924) and Ask-Upmark (1929) had previously descnbed cases of hyper- 
tension m which only one kidney was found at post-mortem examination to 
be diseased, and Qumby (1923) and Crabtree (1927) had actually recorded 
cases in which nephrectomy undertaken for some urological disorder was 
followed by cure of the accompanying hypertension In these cases the 
lowenng of the blood-pressure was merely mcidental, and it was not untd 
Butler published his case in 1937 that the possibihty of nephrectomy for the 
deliberate cure of hypertension was appreciated Smee that time a large 
number of cases of nephrectomy for h 3 pertension has been recorded, some 
successful and others unsuccessful, and several reviews of the subject have 
been published Few of the authors, however, come to any conclusion as to 
why onl}’^ some of the cases are successful, and those who lay down any 
criteria for selection seem to us m some instances to have chosen arbitrary 
standards which are not supported by the facts 

The object of the present paper is to review the recorded cases and attempt 
to find some guiding principles which will help others m the selection of cases 
for nephrectomy Wo have collected from the literature 93 cases m which 
the data arc sufficient for study, and to these we are adding 10 cases hitherto 
unpubhshed There is no claim that the list is complete, but we behevc that 
it summaries the great majority of cases in the British and American 
literature Continental reports have been difficult of acccM on accoimt of 

1 Bccci\cd January 22, 1047 
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regurgitation jaundice, can occur in retention jaundice complicated by bver 
damage 

Grants from the Central Research Fund of the University of London, and 
from the Medical Research Council, enabled special necessary apparatus 
and chemicals to be purchased 


REFERENCES 

Ducci, H , and Watson, C J (I04G) J Lab and OUn Med 30, 203 
Foigl, J , and Quomor, E (1919) Z Oca exp Med 9, 1G3 
Grnj,C H , and Whidbomo, J Biochcm J 40,81 

(1947) Ifrtd 41, 1C5 

Lopohno, G (1920) Dlsch Arch klxn Med 132, 00 

(1941-2) J lAth andChn Med 27,1447 

MaUoj,H T , and Evelyn, K A (1037) J Riol Chem 119,481 
McNoo, J W (1922) Bnt Med J 1, 710 
Newman, C E (1028) 2?n< J Exper Path 9,112 
Rappaport, F , and Eichliom, F (1943) Lancet, 1, 02 
Rich, A R (1930) J5»l/ Johns HopLtna Hasp 47,338 

Sepulveda, B , and Osterborg, A E (1942-3) J Lab and Chn Med 28, 1369 
van den Borgh, A A H , and Muller, P (1910) Biochcm Zexi 77, 90 



143 


616 12-008 331 1-616 61 
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Introduchon 

The syndrome of unilateral renal disorder and hypertension is of great 
interest for three reasons Firstly, it was discovered as a result of a logical 
argument, erpenmental work had shown that the syndrome might exist, 
clinicians sought and found it, and removal of the disordered kidney brought 
about the anticipated cure Secondly, many of the cases cured by nephrec- 
tomy have been of such severity that they would otherwise rapidly have 
died from hypertension Thirdly, their cure has provided the first conclusive 
proof that human hypertension, even of the malignant type, can be directly 
caused by disease of the kidney, and that the effects of hypertension, even 
when profound, may be reversible It is not strictly true to say that the 
syndrome was discovered only after the work of Goldblatt, Lynch, Hanzal, 
and Summerville (1934) and Wilson and Byrom (1939), because Schwarz 
(1924) and Ask-Upmark (1929) had previously descnbed cases of hyper- 
tension m which only one kidney was found at post-mortem examination to 
be diseased, and Quinby (1923) and Crabtree (1927) had actually recorded 
cases in which nephrectomy undertaken for some urological disorder was 
followed by cure of the accompanpng hypertension In these cases the 
lowermg of the blood-pressure was merely mcidental, and it was not until 
Butler published his case in 1937 that the possibdity of nephrectomy for the 
deliberate cure of hypertension was appreciated Smee that time a large 
number of cases of nephrectomy for h 3 rpertension has been recorded, some 
successful and others unsuccessful, and several reviews of the subject have 
been pubhshed Few of the authors, however, come to any conclusion as to 
why only some of the cases are successful, and those who lay down any 
criteria for selection seem to us m some instances to have chosen arbitrary 
standards which are not supported by the facts 

The object of the present paper is to review the recorded cases and attempt 
to find some guiding principles which will help others m the selection of cases 
for nephrectomy Wo have collected from the literature 93 cases m which 
the data are sufficient for study, and to these we are adding 10 cases hitherto 
unpublished There is no claim that the list is complete, but we beheve that 
it summarircs the great majority of cases m the British and American 
literature Continental reports have been difficult of access on account of 

* Rccoi\cd January 22, 1947. 
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the tvar Before attempting nn analysis of these cases, \re mil first consider 
the reviews and general articles which have been wntten on the subject 
Yiulo (1044) in an interesting paper surveyed the cases in which obstruction 
of main renal arteries has been associated with hypertension Most of these 
cases were discovered at post-mortem examination and are not therefore 
appropriate for our purpose Hines and Lander (1941) recorded 264 patients 
who had attended the Mayo Clime for various (surgical) urological disorders 
and were seen again 10 to 16 years later They showed that the number of 
cases developing hypertension was not significantly different from the number 
in a control senes who had had no urological disorder They showed clearly, 
however, that patients with a raised blood-pressure at the first visit, whether 
in the urological or the control group, were the ones prone to develop 
established hypertension in later years They also noted that the incidence 
of familial hypertensive disease was five times as great in the patients who 
developed hj pertcnsion ns in tho^e who did not The authors remarked that 
their study did not disprove a relationship between renal disorder and 
hj-pcrtension in certain cases Rath and Russek (1945) also showed that 
urological cases as a whole are not abnormally prone to develop hyper- 
tension, but did not deny the causal relationship in individuals These two 
papers merely demonstrate that unilateral renal disease is not a common 
cause of hy^pertension, and this of course is generally acknowledged A 
striking demonstration of the relationship between hypertension and renal 
disorder is the case recorded by Bugbee (1943) One kidney had already 
been removed, and an operation was being performed on the remaining 
kidney for the removal of a calculus Traction on the pedicle of the kidney 
or pressure on the renal artery caused an immediate rise m blood-pressure 
from 120/80 to 230/120 The experiment was repeated several times dunng 
the operation Schrooder and Fish (1940) recorded a number of coses, many 
of which had clear evidence of bilateral disease and a family history of 
hypertension, and failed to respond to nephrectomy The cases m fact were 
for the most part quite unsuitable Schroeder and Fish laid down the 
following cnteria for operation 

1 The arterial hypertension must be of recent ongm (arbitrarily placed 
at two years) 

2 The renal lesion must be confined to one kidney and must have pro- 
duced a dimmution of function of this kidney 

3 The combined renal function of both kidneys as determmed by unne 
concentration and urea clearance must be withm normal hmits 

4 Retmitis should be absent and the changes in the retinal vessels 
minimal 

5 The arterial blood-pressure must be persistently elevated 

The first and fourth of these propositions are disproved by an analysis of 
the pnbhshed cases, as we shall show later on The fifth proposition is self- 
evident , if the operation is to be undertaken solely for the rehef of hyper- 
tension, then hypertension should imquestionably be present That these 
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catena have been tacitly accepted is shown by the fact that they are qnoted 
and endorsed by Abeshonse (1941) in his review of the subject Sensenbach 
(1944), who recorded 75 cases from the literature, concluded that the 
diseased kidney should be functionless or its function greatly diminished, 
that the opposite kidney should function normally, that the hypertension 
should be of short duration, and that, other factors being equal, the younger 
the patient the greater the chance of favourable results We do not doubt 
the wisdom of these statements as generalizations, but it is noteworthy that 
the only successful case personally recorded by this author was the oldest of the 
four and had had hypertension for at least mne years Braasch has published 
several statements on umlateral renal disease and hypertension, but un- 
fortunately rarely gave details of his cases He stated (1942) that permanent 
recovery after the age of 60 years is rare, which is not entirely home out by 
our analysis Even in carefully selected cases he says that only 1 in 3 
patients are permanently cured of hypertension, but m atrophic pyelone- 
phritis about 60 per cent recover and in renal tuberculosis with hyper- 
tension, 50 per cent Calculus and hydronephrosis give the poorest results 
with only 25 per cent of successes Such reviews have their value, but it 
would be more interesting to know why only one case m three is successful 
(if that IS a fact) and how the successful case could have been distmguished 
from the others To this question Braasch gives no answer Accordmg to 
Braasch, Walters, and Hammer (1940), the following are contra-mdications 
to operation — eidensive bilateral renal disease, extensive degenerative 
changes in other organs, advanced renal insufficiency, and a serious unrelated 
but inoperable lesion elsewhere m the body These contra-mdications are 
for the most part self-evident, but may well be emphasized m view of the 
unjustified enthusiasm with which some surgeons have removed kidneys in 
hypertensive patients In another paper Braasch (1941) estimated that le'^s 
than one per cent of hypertensives are amenable to treatment by nephrec- 
tomy , and wisely stated that it is not necessary to submit all elderly hyper- 
tensives to n searching urological examination unless the chnical history and 
examination suggest the hkehhood of unilateral disease He remarked that 
in some cases nephrectomy may be justifiable on the chance that it may 
prove a cure, even though the indications are not entirely clear He repeated 
that success is unlikely above the age of 60 years Palmer, Chute, Crone, 
and Castleman (1940), who summarized the literature to that date, noted 
that 22 per cent of cases of so-called essential hypertension showed abnor- 
malities on intravenous pyelography, and nearly three-quarters of these 
had a umlateral lesion A family history of hypertension was obtained in 
76 per cent of the hypertensive patients, and m only 40 per cent of cases 
of pyelonephritis without hypertension The individual family histones of 
their nine recorded cases of nephrectomy for hypertension are, unfortunately, 
not described Only one of the cases was successful In order to save space 
wc have not tabulated the details of the 93 cases which we have studied 
from the literature, neither will the authors be individually referred to in 
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the text A fuU bibliography of the papers from which the information has 
been compiled is given in the References, and onr own cases are bnefly 
dcsonbed in the Appendix 


Analysts of 103 cases 

JicsttUs We have classified the results of nephrectomy as follows In 
47 cases the blood-pressure was restored to normal and remained normal for 


Table I 

licsiiUs m 103 Cases 


Sueccs303 47 

Failures 37 

Partial successes 0 

Doubtful 1 3 


103 

Table II 


Effect of Age 

Avoroge (years) Bange (years) 

Successes (40 cases) 29 0 2 to 03 

Successes (omitting those under 20 years) (29 coses) 40 8 27 „ 63 

Failures (27 cases) 37 o 20 „ 60 

Partiol successes (0 oases) 37 3 18 „ 62 

Doubtful (13 cases) 35 4 7 „ 62 


the period in which the ease was followed up, which was usually more than 
one 3 ear In 37 cases there was obvious failure to reduce the blood-pressure 
significantly, and in some cases it was higher after the operation In six 
cases there was a sigmficant fall in pressure, though not to normal, and m 
13 cases the result has been recorded as doubtful on account of inadequate 
data or short follow-up penod These results are recorded m Table I It is 
not suggested that they are of much value m assessmg the probabihty of 
cure, since there is a strong and natural tendency to record successes rather 
than failures Nevertheless, this summary of results has to be made m order 
to assess the relative significance of the number of successes and failures in 
the various groups into which we have divided the oases (Tables II to VI) 

Age The ages of the patients are not recorded in every case The average 
ages for successes and failures are shown in Table II Nearly all the cases 
under 20 years of age were successful, and a separate average has therefore 
been calculated after excluding these This shows that age of itself does not 
contra-mdicate operation There were 16 patients over 46 years of age m 
whom a definite result was recorded Of these, 11 were cured and five were 
unimproved by nephrectomy 

Euratton of hypertension In the majority of cases the duration of the 
hypertension prior to operation is unknown, hut there are 21 oases in which 
hypertension had been known to have existed for more than two years 
These are recorded m Table III It will be seen that success has been 
reported m patients who have had hypertension for as long as 10 years 
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Significance of retinal changes In 48 cases the retinal changes are recorded 
These are summarized m Table IV The degree of retmal change appears to 
have httle prognostic sigmficance In particular it may he remarked that 
those cases in -which papilloedema was present were strikingly successful 


Table HI 

Cases in which Hypertension Existed for more than 
Two Years before Operation 

Number of cases Average duration (years) Range (years) 

Successes 9 4 7 2 to 10 

Failures 9 6 0 2 ,, 10 

Doubtful 3 — — 


Table IV 

Effect of Eye Changes 

Successes Failures Partial successes Doubtful 

Betma normal 10 

Vascular changes only 3 

Haemorrhages 1 

‘Botimtia’ 3 

Papdloedema (with or with- 
out other changes) 7 



Table V 


Influence of Heredity 


Family history of hypertensive 

Successes 

Failure 

Partial successes Doubtful 

disease positive 

1 

11 

1 0 

Family hMory negative 

8 

4 

0 1 

Average age (Family history -f ) 

62 

39 

31 — 

*f It (. It It — ) 

40* 

42 

— 48 


* Omitting two patients aged sue and eight years 


This, however, is explained by the fact that six of the seven successful cases 
with papilloedema were under 20 years of age 

Effect of heredity One of us (Platt, 1947) has recently emphasized the 
importance of heredity m essential as opposed to other types of hypertension 
If this IS accepted it follows that oases m which a family history of hyper- 
tension was present would be more likely to be cases of essential hypertension 
and therefore not amenable to cure by nephrectomy That this is in fact 
the case is shown by analysis of 26 records m which the family history is 
mentioned It mil bo seen from Table V that of the 13 cases with a family 
history of hypertension only one was successful, whereas there were eight 
successes amongst the 13 cases in which the family history was stated to be 
negative That this is not purely duo to a different age mcidence is also 
shown in this Table In the next section it will be seen that pyelonephritis 
IS a more favourable finding than calculus or hydronephrosis It should be 
noted, therefore, that pj'cloncphntis was the lesion found in five cases mth 

U Vete ScTlfn Vo, C3l « 
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a positive family history and m six with a negative family history The 
difToronco appears to be insignificant 

Avahjsis of pathological condition found In Table VL an attempt is made 
to group the cases m the senes according to the pathological condition found 


Table VI 


Pathological Analysts 


Successes 


Calculus and pyolonophntis 3 

Calculus and hydronephrosis 2 

Calculus and pyonephrosis (or in- 
fected hydronephrosis) 1 

Hydronephrosis (uncomplicated) 3 

Hydronephrosis (infected) 1 

Pyelonephritis (usually atrophic) 12 

Pyelonephritis (with hypoplasia) 6 

Renal tuberculosis 3 

{ Hypomophroma 2 

Adonoenremoma 0 

Wilms tumour 0 

Cysts 2 

Hypoplasia 2 

Fibrosis after operations 3 

Atrophy after X-ray treatment 1 

Aborront arteries 2 

Occlusion of renal artery 2 

Renat mfarot 1 

Aneunsra of renal artery 1 

‘Contracted kidney’ 0 

Nophrosolorosis 0 


Failure Partial successes Doubtful 


2 1 2 
2 0 0 


3 

4 
3 
G 
2 
0 
0 
0 
0 
0 
1 
1 
0 
1 
0 
0 
0 
1 
1 


0 

2 

I 

1 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


0 

1 

3 

1 

0 

2 

0 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 


40 27 8 13 


(Data mil other coses not oomplot© ) 


in the affected kidney From this it will be seen that only three groups are 
large enough for any land of statistical evaluation There were 16 cases in 
which calculus was accompanied by pyelonephritis or hydronephrosis Of 
these only six wore successful Of 18 cases of hydronephrosis without stone 
only four were successful Of 27 cases of pyelonephritis, 17 were successful 
These figures substantially confirm the conclusions of Braasoh (1942) already 
quoted, and suggest that unilateral pyelonephritis is the condition m which 
nephrectomy is most likely to be successful Unfortunately it is one of the 
most difficult conditions to diagnose with certainty Rarer misoeUaneous 
abnormalities such as hypoplasia, fibrosis after operations, and abnormahties 
of renal vessels, contribute materially to the total number of successful oases 
Analysts of failures In 27 fully recorded cases in which the blood-pressure 
failed to respond to nephrectomy, the operation was clearly mdioated on 
surgical grounds (for example, large hydronephrosis, pyonephrosis, calculus) 
in no less than 16 Of the remainmg 12 one died shortly after operation 
from thrombosis of the renal artery of the opposite side , three gave a clear 
history of pregnancy toxaemia, and showed only minor differences of func- 
tion between the two kidneys , one (Case 8 m the Appendix) appeared to be 
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stiitable as a case of unilateral atrophic pyelonephritis but was aged 60 years , 
SIX other cases of atrophic pyelonephritis showed only minor differences of 
function (that is, the evidence of unilateral disease was insufBcient) Two 
of these had a positive family history suggesting hypertension One failure, 
in a case of fibrosis after previous operation, also had a family history of 
hypertension Of these 12 failures some were undoubtedly justifiable risks 
owing to the severity of the hypertension and the youth of the patient 
Analysis of successes We have carefully scrutinized the successful cases 
in the hght of the indications revealed by this analysis Out of 46 cases ^ 
there were obvious surgical indications for operation m seven In only six 
cases were both kidneys clearly funotionmg , three showed poor function on 
one side, and three showed a small deformed poorly fnnctionmg kidney The 
remainder, 33 cases, showed adequate evidence of unilateral disease usually 
with a functionless kidnej’’ One patient had a history of pregnancy kidney, 
but a unilateral non-functiomng kidney made the mdication for operation 
reasonably favourable In short the main difierences between the successes 
and failures (omitting those m which there were surgical mdications for 
nephrectomy) were firstly, the evidence on which the diagnosis of unilateral 
disease was made which was much stronger m the successful cases, secondly, 
the family history of hypertensive disease which was more frequent in the 
unsuccessful cases, and thirdly, the nature of the disease process, pyelo- 
nephritis and congenital abnormalities giving more favourable results than 
hydronephrosis or calculus 


Conclusions 

The purpose of the present review is to formulate the mdications for 
nephrectomy in hypertension The first consideration is how far urological 
investigation should be earned out as a routine in hypertensive cases In 
our view an intravenous pyelogram should be made m all younger patients 
with hypertension (say xmder the age of 45 years), and in all cases if there 
IS a history of ‘ bladder trouble cystitis, frequency, dysuria, haematuria, or 
renal pam This should be followed by retrograde pyelography when neces- 
sary Investigation should also be earned out m all patients who give no 
indication at all of hypertension m the family, smee one of us (Platt, 1947) 
has shown that there is at least a 3 to 1 chance that such cases are secondary 
to renal disease, which may be unilateral 

If evidence of unilateral renal disease is found, m nearly a third of the 
cases there u ill bo surgical indications for nephrectomy, such as the presence 
of a largo hydronephrosis, and the decision in favour of operation will bo 
relatively easy' In the remainder a non-functiomng kidney on one side with 
good function on the other is the most promising indication for success In 
all cases the total renal function should of course be withm normal limits 
In doubtful cases atrophic pyelonephritis, if there is reasonable evidence 
that it IS unilateral, is more likely to meet with success than calculus or 
by droncphrosiB 
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a positive family history and in six with a negative family history The 
difference appears to be insignificant 

Analysis of pathological condition found In Table VI an attempt is made 
to group the cases m the senes according to the pathological condition found 

Table VT 


Pathological Analysis 


Calculus and pyolonophntis 

Successes 

3 

Failure Partial successes Doubtful 
2 I 2 

Colculus and hydronephrosis 

2 

2 

0 

0 

Calculus and pyonoplirosis (or in- 
fected hydronephrosis) 

1 

3 

0 

0 

Hydronephrosis (uncomplicated) 

3 

4 

2 

I 

Hydronephrosis (infected) 

1 

3 

1 

3 

Pyelonephritis (usually ntrophio) 

12 

0 

1 

1 

Pyelonephritis (with hypoplasia) 

6 

2 

0 

0 

Renal tuberculosis 

3 

0 

0 

2 

iHypomophroma 

2 

0 

1 

0 

Tumours | Adonocaromoma 

0 

0 

0 

1 

IWilms tumour 

0 

0 

0 

1 

Cysts 

2 

0 

0 

1 

Hypoplasia 

2 

1 

0 

1 

Fibrosis after operations 

3 

1 

0 

0 

Atrophy after X-ray treatment 

1 

0 

0 

0 

Aberrant artenos 

2 

I 

0 

0 

Occlusion of renal artorj 

2 

0 

0 

0 

Renal infarot 

1 

0 

0 

0 

Anounsm of renal artery 
‘Contracted kidney' 

1 

0 

0 

0 

0 

I 

0 

0 

Nephrosclerosis 

0 

1 

0 

0 


40 

27 

6 

13 


(Data mil other oases not complete ) 


in the affected kidney From this it will be seen that only three groups are 
large enough for any kmd of statistical evaluation There were 16 cases in 
which calculus vas accompanied by pyelonephritis or hydronephrosis Of 
these only six wore successful Of 18 cases of hydronephrosis without stone 
only four were successful Of 27 oases of pyelonephritis, 17 were successful 
These figures substantially confirm the conclusions of Braasoh (1942) already 
quoted, and suggest that unilateral pyelonephritis is the condition m which 
nephrectomy is most hkely to be successful Unfortunately it is one of the 
most difiBcult conditions to diagnose with certamty Rarer miscellaneous 
abnonnahties such as hypoplasia, fibrosis after operations, and abnormahties 
of renal vessels, contribute materially to the total number of successful oases 
Analysis of failures In 27 fully recorded cases m which the blood-pressure 
failed to respond to nephrectomy, the operation was clearly mdioated on 
surgical grounds (for example, large hydronephrosis, pyonephrosis, calculus) 
in no less than 16 Of the remaining 12 one died shortly after operation 
from thrombosis of the renal artery of the opposite side , three gave a clear 
history of pregnancy toxaemia, and showed only nunor differences of func- 
tion between the two kidneys , one (Case 8 m the Appendix) appeared to be 
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suitable as a case of unilateral atrophic pyelonephritis but was aged 60 years, 
SIX other cases of atrophic pyelonephritis showed only minor differences of 
function (that is, the evidence of unilateral disease was insufficient) Two 
of these had a positive family history suggestmg hypertension One failure, 
m a case of fibrosis after previous operation, also had a family history of 
hypertension Of these 12 failures some were undoubtedly justifiable risks 
owmg to the seventy of the hypertension and the youth of the patient 
Analysis oj successes We have carefully scrutinrEed the successful cases 
in the hght of the indications revealed by this analysis Out of 46 cases, 
there were obvious surgical indications for operation m seven In only sue 
cases were both kidneys clearly functionmg , three showed poor function on 
one side, and three showed a small deformed poorly fnnctioning kidney The 
remainder, 33 cases, showed adequate evidence of unilateral disease usually 
with a functionless kidney One patient had a history of pregnancy kidney, 
but a unilateral non-functionmg kidney made the mdication for operation 
reasonably favourable In short the main differences between the successes 
and failures (omitting those in which there were surgical indications for 
nephrectomy) were firstly, the evidence on which the diagnosis of umlateral 
disease was made which was much stronger in the successful eases , secondly, 
the famdy history of hypertensive disease which was more frequent in the 
unsuccessful cases, and thirdly, the nature of the disease process, pyelo- 
nephritis and congenital abnormahties giving more favourable results than 
hydronephrosis or calculus 


Conclusions 

The purpose of the present review is to formulate the mdications for 
nephrectomy in hypertension The first consideration is how far urological 
investigation should be earned out as a routine in hypertensive cases In 
our view an intravenous pyelogram should be made m all younger patients 
with hjqiertension (say under the age of 46 years), and in all cases if there 
IS a history of ‘bladder trouble’, cystitis, frequency, dysuria, haematuna, or 
renal pain This should be followed by retrograde pyelography when neces- 
sary Investigation should also be earned out in all patients who give no 
indication at all of hypertension in the family, smee one of us (Platt, 1047) 
has shown that there is at least a 3 to 1 chance that such cases are secondary 
to renal disease, which may be unilateral 

If evidence of unilateral renal disease is found, m nearly a third of the 
cases there will bo surgical indications for nephrectomy, such as the presence 
of a largo hydronephrosis, and the decision in favour of operation will bo 
relatively ensj' In the remainder a non-functioning kidney on one side with 
good function on the other is the most promismg indication for success In 
all cn«cs the total renal function should of course be within normal limits 
In doubtful cases atrophic pyelonephritis, if there is reasonable evidence 
that It IS unilateral, is more likely to meet with success than calculus or 
lijdroncphrosis 
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If other indications arc clear, age by itself is no eontra-indication to 
operation, neither is the knowledge that hypertension has already existed 
for a number of years Nevertheless the decision in favour of operation mil 
bo more confidently made in young persons, since a larger proportion of 
them are suitable Papilloedema is not a contra-indication to nephrectomy 
A family history strongly mdicative of hypertension in a middle-aged or 
elderly subject contra-indicates operation unless the evidence of unilateral 
disease is abundantly clear A history of pregnancy toxaemia has the same 
significance Pmally, in some cases the operation may be justifiable even 
though the mdications are doubtful on account of the youth of the patient 
and the seventy of the hjrportension, the prognosis bomg extremely un- 
favourable if no intervention is attempted Unexpected successes have some- 
times occurred in this way 

The operation of thoraco-lumbar sympathectomy for hypertension afiords 
an opportunity of inspectmg the kidneys, and in cases whore unilateral renal 
disease is a possibility it should bo performed first on the side of the suspected 
kidney A nephrectomy can then be earned out if the indications appear to 
bo favourable, for instance if atrophic changes, renal deformity, perirenal 
fibrosis, or abnormal renal arteries are found In most of the failures the 
evidence that the renal disease was unilateral has been unconvmoing 

Our thanks are due to colleagues who have kindly allowed us to consult 
the records of Cases 9, 10, and 11 
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APPENDIX 

Case 1 (Proviouely reported by Platt (1942)) Female, aged 8 years First 
seen 22 6 41 

Ihstorij Severe headache and vomiting six months One year ago recur- 
rent pyrexia B coli infection of unnary tract found Intravenous pyelo- 
grams showed funotionlcss left kidney No note of blood-pressure at that 
time Father, mother, and sibhngs well No family history of hj'pertension 
Exammahon Pale child Blood-pressure 200/120 Bilateral papiUoedema 
(two dioptres), retinal oedema, macular exudates Unno 1010 Trace 
albumin No pus or casts Blood, non-protoin nitrogen, 62 mg per 100 c o 
(? accuracy — specimen inadequate, veins poor) 

Progress ^Iny 29 blood-pressure 220/120 May 30 cystoscopy, dye 
excreted by right kidney in five minutes, loft kidney nil Left nephrec- 
tomy Small hypoplastic kidney, H inches in length End of operation, 
blood-pressure 190/120 Four hours later, 160/128 Next day, 146/? 
30 7 41 blood-pressure 140/90 No further symptoms Appearance much 
improved Retina improving 16 10 41 blood-pressure 126/70 No papill- 
oedomn Exudates clearing April 1942 blood-pressure 115/156 Well 
Exudates just ^^slblo May 1940 (five years after operation) A normal 
healthy child of 13 years, blood-pressure 116/80 Blood-urea 32 mg per 
100 c c Urea clearance 77 per cent 
Pathology Four small renal arteries No sign of mam nrtenal trunk. 
Congenital hypoplasia Glomerular fibrosis Endartentis Chrome pyelo- 
nophntis 

Result Successful 


Case 2 Male, aged 48 j'cars First seen 31 12 42 

History Four years ago unsuccessful operation for calculus (left) Tivo 
years ago a further attempt, stone still not found Two months ago attack 
of aphasia 

Examination Blood-pressure 270/170 (later 180/100) Blood-urea 32 mg 
per 100 c c Urea clearance 97 per cent Fundus nil Intravenous pyelo- 
grams, slightly enlarged right kidney, deformity of calyces left and calculus 
in pelvis Urine contains pus Cystoscopy indigo-carmme nght five ram , 
left ml Operation (Mr Macalpine) 2 2 43 Much surrounding fibrosis Left 
nephrectomy Kidney normal in size Capsule adherent Surface finely 
granular 

Progress 4 2 43 blood-pressure 160/100 6 6 43 blood-pressure 130/00 

Feels well Tlirobbing headache and dyspnoea has gone 8 6 46 shght 

hemiplegia 10 days ago Blood-pressure (pulsus alternans) June 

1946 died 

Pathology Chronic atrophic pyelonephritis 

Result Failure (Temporary improvement ) 


Case 3 Female, aged 31 years First seen 16 6 42 

Htslortl Swelhng of ankles 12 months Palpitation and dyspnoea 

18 months Father died of cerebral thrombosis after high blood-pressure 

^S-pressure 210/130. No oedema No r^opathy 
Blood-urea 46 mg per 100 cc Urea clearance 102 per cent No pyuria 
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Intravenous pyelograms Left kidney enlarged, no skadow nght Cysto- 
scopy, indigo-carmine, ml nglit or left (10 min ) Catheter could not be 
passed mto ngkt ureter (obstruction J mch above bladder) 

Progress 12 9 42 blood-pressure 185/135 14 9 42 large ngbt bydro- 

nepbrosis removed containing mne pmts of straw-coloured fluid 24 9 42 
blood-pressure 135/100 27 9 42 blood-pressure 130/100 10 11 42 blood- 

pressure 160/110 April 1943 blood-pressure 166/110 October 1946 could 
not be traced 

Pathology Hydronephrosis with hyaline artenolosclerosis Compatible 
with bemgn hypertension 

Resiill Partial success (Family history of hypertension) Operation 
justified on surgical grounds 

Case 4 Male, aged 48 years First seen 6 10 43 
Uistory Six months headache and dyspnoea 

Examination Pallor Heart enlarged Blood-pressure 260/180 No 
oedema Retimtis and papiUoedema Urme nil Blood-urea 42 mg per 
100 cc Urea clearance 77 per cent Intravenous pyelograms, calculus 
nght kidney, poor excretion left 

Progress 9 1143 large right hydronephrosis removed 11 12 43 blood- 
pressure 180/130 February 1944 blood-pressure 270/180 June 1944* 
blood-pressure 250/180 November 1944 blood-pressure 230/180 8 1 45 

died 

Pathology Hydronephrosis 

Resnlt Failure (possibly bilateral disease) 

Case 5. hlale, aged 41 years First seen 28 4 43 

History 1926 nght renal coho 1929 passed stone 1930 passed 
another stone 1930 renal colic No stone found Right renal sympathec- 
tomy (Blood-pressure not recorded ) Present symptoms, anginal pain on 
exertion Father died artenosclerosis at 70 Mother weU at 86 Brother 
has high blood-pressure 

Examination Blood-urea 36 mg per 100 c c Urea clearance 117 per 
cent Intravenous pyelograms Right renal pelvis dilated, left normal, 
both function Cystoscopy, mdigo-carmme nght 7 mm , left 61 min 

Progress 8 6 43 blood-pressure 210/140 Right nephrectomy 26 1143 
blood-pressure 180/120 22 10 46 dyspnoea, headache Blood-pressure 

226/156 No papiUoedema 

Pathology Essential hypertension 

Result Failure (Evidence of unilateral nature of the disorder madequato ) 

Case 6 Male, aged 42 years First seen 22 2 44 

History Left lumbar pain and haematuna 1 month Cardiac pain 
3 months ago Headaches 3 years Father died cerebral haemorrhage at 78 
Mother died cerebral haemorrhage at 66 Mother’s sister died cerebral 
liacraorrhago at 49 Sfatemal grandmother died cerebral haemorrhage at 56 
Paternal grandmother died suddenly (heart) at 03 

Examination Blood-pressure 220/120 Urine clear No retinopathy 
Intravenous p^clog^amB Left excretes No hydronephrosis seen Right 
excretes subnorraally Cjstoscopy, indigo-carmme nght 6 min, left nil 
Retrograde pyelogram, hvdronephrosis left 
Progress 25 2 44 left nephrectomy 19 3 44 blood-pressure 180/120. 
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APPENDIX 

Case 1 (PrcviouBly reported by Platt (1942)) Female, aced 8 years First 
Been 22 6 41 

History Severe headache and vomiting six months One year ago reenr- 
rent pyrovia B coh infection of urinary tract found Intravenous pyelo- 
grams showed functionlcss loft kidney No note of blood-pressure at that 
time Father, mother, and siblings well No family history of hypertension 
Examination Palo child Blood-pressure 200/120 Bilateral papiUoedema 
(two dioptres), retinal oedema, macular exudates Unne 1010 Trace 
albumin No pus or casts Blood, non-protein nitrogen, 62 mg per 100 o c 
(? accuracy — specimen inadequate, veins poor) 

Progress Slay 20 blood-pressure 220/120 May 30 cystoscopy, dye 
excreted by right kidney' m five mmiitcs, left kidney nil Left nephrec- 
tomy Small hypoplastic kidney, 1’ inches in length End of operation, 
blood-pressure 190/120 Four hours later, 1 00/128 Next day, 146/’ 
30 7 41 blood-pressure 140/90 No further symptoms Appearance much 
improved Retina improving 16 10 41 blood-pressure 125/70 No papiU- 
oedoma Exudates clearing Apnl 1942 blood-pressure 116/766 Well 
Exudates just \'isiblc May 1940 (five years after operation) A normal 
healthy child of 13 years, blood-pressure 116/80 Blood-urea 32 mg per 
100 c c Urea clearance 77 per cent 
Pathology Four small renal arteries No sign of main artenal trunk 
Congenital hypoplasia Glomerular fibrosis Endartentis Chrome pyelo- 
nophntis 

Result Successful 


Case 2 Male, aged 48 years First seen 31 12 42 

History Four years ago unsuccessful operation for calculus (left) Two 
years ago a further attempt, stone still not found Two months ago attack 
of aphasia 

Examination Blood-pressure 270/170 (later 180/100) Blood-urea 32 mg 
per 100 cc Urea clearance 97 per cent Fundus ml Intravenous pyelo- 
grams, slightly enlarged right kidney', deformity of calyces left and calculus 
in pelvis Urine contains pus Cystoscopy indigo-oarmme right five mm , 
left ml Operation (Mr Macalpine) 2 2 43 Much surrounding fibrosis Left 
nephrectomy Kidney normal in size Capsule adherent Surface finely 
granular 

Progress 4 2 43 blood-pressure 160/100 0 6 43 blood-pressure 130/90 

Feels well Throbbing headache and dyspnoea has gone 8 6 46 shght 


hemiplegia 10 days ago Blood-pressure 


250-240 
160 


(pulsus altemans) June 


1946 died 

Pathology Chronic atrophic pyelonephritis 
Result Failure (Temporary improvement ) 


Case 3 Female, aged 31 years First seen 16 6 42 

History Swelhng of ankles 12 months Palpitation and dyspnoea 

18 months Father died of cerebral thrombosis after high blood-pressure 

^Ed-pressure 210/130 No oedema No r^opathy 
Blood-urea 46 mg per 100 c c Urea clearance 102 per cent No pyuria 
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bIiow dilfitation Th© pathologist coinnieiits ’ It is reasonable to infer that 
the contra-lateral kidney will contain similar artenosclerotic lesions and 
that hypertension will persist ’ 

Result Failure 

Case 10 Female, aged 20 years 

History Admitted April 1943 Headaches several years Father 44, 
mother 43, sister 16, all well 

Examination Blood-pressure 210/120 Urme negative No papilloedema 
Blood-urea 26 mg per 100 c c Urea clearance 55 per cent Intravenous 
pyelograms, both kidneys functionmg well, right upper calyx appears 
enlarged Retrograde pyelogram suggests developmental abnormality m 
nght kidney 

Progress 7 7 43 blood-pressure 180/110 8 7 43* right nephrectomy 

19 7 43 blood-pressure 140/100 Discharged 13 8 43 Blood-pressure 160/ 
105 No headache since operation 15 9 43 blood-pressure 185/120 Blood- 
urea 36 mg per 100 o c Urea clearance 40 per cent 

Pathology Kidney normal m size Pelvis shows congestion Surface 
shows fibrous depressed areas Right upper calyx dilated Section shows 
healed chronic pyelonephritis with hyalme changes m arterioles 

Result Failure Evidence of unilateral disease inconclusive Urea 
clearance suggests bilateral disease, but operation justified owing to age of 
patient 

Case 11 Female, aged 66 years 

History Admitted 30 3 38 Weakness and numbness of hands, feet, and 
legs Occasional double vision 

Examination A senes of blood-counts showed leucooytosis with 36 to 
60 per cent of eosinophils Urine, albumin present Sterile Blood-urea 

20 mg per 100 c c Urea clearance 63 per cent Cerebrospinal fluid normal 
Weakness and muscular wasting in the hands All reflexes present Blood- 
pressure not recorded December 1943 admitted to a hospital m London 
Eosinophilia continues , probably penarteritis nodosa Readmitted 27 1 46 
Headaches, temporary aphasia, pains in limbs 

Family history Father died of cancer Mother died of stroke Ages not 
recorded 

Examination Blood-pressure 230/140 No papilloedema, no exudates 
Heart enlarged Reflexes all present No sensory loss Blood-urea 28 mg 
per 100 cc Urea clearance 48 per cent Intravenous pyelograms show 
non-functioning nght kidney with calculus in ureter 

Progress 19 7 45 blood -pressure 240/130 20 7 46 right nephrectomy 

31 7 46 blood-pressure 216/115 7 8 46 blood -pressure 190/100 

Pathology Hydronephrosis, with extensive fibrosis and atrophy 
Result Failure Probable periarteritis nodosa m addition to hydro- 
nephrosis The Ion urea clearance suggests that both kidneys were affected 
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7 4 44 blood-pressuro 170/136 22 12 44 blood-prcsaure 200/130 28 6 46 

blood-pressure 196/130 ' 

Pathology Slight hydronephrosis Essential hypertension 
Result Fniluro (Evidence of unilateral nature of the disorder inadequate 
Strong family historj' ) 

Case 7 Female, aged 40 years First seen 1 1 1 44 

History Chest trouble 6 years Headache 3 years Father well at 66 
Mother died seizure at 60 Three sisters well 

Examwatwn Obesity Heart enlarged Blood-piessure 280/160 Early 
papilloedema Blood-urea 29 mg per 100 c o Urea clearance 73 per cent 
Unne ml Intravenous pyclograms, non-functioning right kidney Retro- 
grade pyelogram, nght hydronephrosis 

Progress 21 4 44 blood-pressure 270/100 Right nephrectomy 16 44 
blood-pressure 206/115 9 0 44 blood-pressure 265/166 1946 not traced 

Pathology Hydronephrosis (Sections not traced ) 

Result Failure Operation justified on the evidence of hypertension with 
functionlcss kidney 

Case S Female, aged 60 years First seen 13 6 46 

History Seven years ago severe headache , hypertension discovered Im- 
proved for four years One year and nine months ago, headache increasing, 
vision poor (cataract in right eye) No previous history of kidney disease, 
frequenej', or dysuria Three normal pregnancies Father died young, 
mother died at 70, cause unknown 

Examination Blood-pressure 260/136 Heart shghtly enlarged Blood- 
urea 38 mg per 100 c c Urea clearance 79 per cent Unne contains pns 
cells and B coli Became sterile after treatment Intravenous pyelograms 
Left kidney normal (rather large), right kidney functionless 

Progress Blood-pressure became 180/110 12 8 46 nght nephrectomy 

Small atrophic kidney removed Uneventful recovery, but on 19 9 46 blood- 
pressure 220/130 

Pathology Small kidney 6x36 cm Surface finely granular, capsule 
adherent, pelvis dilated Microscopically, all glomeruli have disappeared 
Tubules are dilated, filled with pink-staining casts Large artenes show 
obhtcrativo intimal sclerosis Diagnosis, healed chrome atrophic pyelo- 
nephritis 

Result Failure This may have been a primarily hjrpoplastic kidney 


Case 9 Female, aged 44 years 

History 19 3 44 diplopia, with ptosis of the left eyebd No other com- 
plaint, but there was a previous history of rheumatism seven years before, 
and of unnary frequency since the birth of her first child 16 years ago 
Four pregnancies, no pregnancy toxaemia Father died of a stroke (age not 
stated) Mother died of ‘gallbladder trouble’ 

Examination Blood-pressure 260/140 No retmitis Urme contams pus 
cells and staphylococci Blood-urea 26 mg per 100 oo Urea clearance 
89 per cent Intravenous pyelograms, left kidney normal, right not out- 
lined Retrograde pyelogram, dilated pelvis, and major cahcea right 

Progress 22 6 44 right nephrectomy 7 7 44 discharged Blood- 

pressure still 230/120 1 i. + , 1 , 

^ PntholoQu Kidney, of normal size, shows chronic pyelonephritis witn 
extenmvrhyaline arteriolar sclerosis A few glomeruh are sclerotic, tubules 
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THE AETIOLOGY, DIAGNOSIS, AND TREAT]\IENT OF 
PROLAPSED INTERVERTEBRAL DISK, WITH 
A REVIEW OF 300 CASES OF SCIATICA ^ 

By DAVID KENDALL 

The term sciatica was used up to the middle of the eighteenth century to 
indicate any painful condition m the region of the hip, and it was not imtd 
1764, when Cotugno pubhshed his treatise on the nervous sciatica, that any 
attempt was made to narrow the concept of sciatica to its present-day 
standard This writer recognized two varieties of sciatic pain, that in which 
pain is confined mainly to the regon of the hip, associated with an arthritis 
of the hip ]oint, and that in which pain occurred m the course of the sciatic 
nerve The latter variety was ascribed to an inflammatory condition of the 
nerve, the pathologcal basis of which, though a delight to the reader m its 
ingenuity, is a masterpiece of wishful thinking It is, however, worthy of 
note that many more recent ideas of the causation of sciatica have been 
based upon grounds almost as dubious, and it is perhaps true to say that m 
this malady it has too often been a case of theory being the father to the 
facts Smce the time of Cotugno’s writing a great deal has been written on 
the subject, and for many years sciatica was regarded as a form of neuntis 
(Gowers and Taylor, 1899) and it was not until 1903 that some doubt was 
cast upon the neuritic theory by Bruce who found little evidence to support 
the theory of active inflammation of the sciatic nerve He found that 
tenderness was not a prominent feature of the disease and, on the assumption 
that trauma played a part in the production of the supposed neuritis, 
pointed out that the sciatic nerve is much less subject to trauma than, for 
example, the ulnar nerve Why, therefore, is not ‘ulnitis’ commonly met with’ 
In recent years the neuntic theory has lost ground, but Hams (1938) 
adhered to the concept of an inflammatory process in the sciatic nerve 
sheath The position with regard to sciatica at about that time was aptly 
described by Wilson (1940) who stated ‘on mg to its multiple causation 
a unique pathology for sciatica can hardly be expected, at the same time 
the problem of how the pain arises is not solved by the morbid conditions 
described’ Much has been made at various times of the part played by the 
sacro-iliac joints in the production of sciatic pam (Goldthwait and Osgood, 
1905, Vcrrall, 1924, Smith-Pctersen and Rogers, 1926, Yeoman, 1928), 
but it IS very doubtful whether disturbances of these joints can account for 
more than a fraction of cases of sciatica Adams (1923) suggested that 
abnormahties of the fifth lumbar vertebra might be an aetiologcal factor, 
a suggestion that appears to have been finally disproved by Brailsford (1928), 
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T1i 6 avcrsig6 for "ttiB wliolc series is 34 9 ye&rs, & figure somewli&t 
below that usually stated to be the mean of any relatively large senes of 
cases of sciatica Of the earlier writers, Gibson (1893) m an analysis of 1,000 
cases found the average age to be over 40 years Yeoman (1928) found an 
average age of 44 years in a senes of 100 cases 


Age 

Gibson 

Present senes 

10 to 14 

0 

O 

16 „ 20 

14 

13 

21 „ 30 

169 

81 

31 „ 40 

310 

120 

41 „ 50 

248 

41 

61 „ 60 

187 

16 

61 „ 70 

71 

1 

71 „ 80 

11 

0 

Excluding Groups C and D, on account of 

the diversity 


of aetiological factors m these groups 

The sex incidence m the present senes is, generally speaking, m accord 
with that of most previous writers All are agreed that sciatica affects male 
patients predominantly 


The Aetiology of Sciatic Pam 

In the present senes only two aetiological factors appeared to play a pro- 
minent part m the production of sciatic pain — trauma and exposure to cold 
or damp This is no new observation, havmg been made by Cotugno and 
almost every wnter since his time These factors were found to have been 
present in varying degree m sciatica both due to disk protrusion and 
myofascial causes In the latter, a third factor, the so-caUed ‘rheumatic’ 
predisposition also plays a part The table below shows that exposure to 
cold and ‘rheumatic’ symptoms play only a small part in the aetiology of 
disk protrusion, whereas the reverse is true of myofascial sciatica 

Trauma Trauma 

. , Ex- and ex- ' Rheumatic ’ Removal 

Sovoro Mild posure posure symptoms of disk 

Prolapsed disk 27 100 0 6 0 22 

Jlyofnscinl sciatica 0 40 33 7 25 6 

In considcnng the clmical histones two tjpes of trauma are evident, 
a single relatively severe mjury and repeated minor mjunes The more 
severe injuries are very constant in their character m cases diagnosed ns 
prolapsed disk, the history being almost always of a fall from varying heights 
onto the feet or buttocks with the spine in an attitude of flexion In these 
cases symptoms usually date from the time of injury whereas in the repeated 
minor traumata more variation is found The history m the latter type is 
often one of the lifting of heavy' weights, and in particular the lifting of 
weights in circumstances of mechanical disadvantage, for example, unload- 
ing a lony from ground level Turning the engine of a heavy motor vehicle 
IS frequently the precipitating factor of an attack of sciatic pain Two coses 
(both of which were confirmed at operation) followed lumbar puncture. 
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•who found dovolopmental abnormalities in 26 per cent of 3,000 X-raye of 
the lumbosacral region More recently, Bankart (1942) has stated that 
‘spinal arthritis is the commonest cause of sciatica’ Hurst (1943) unphed 
that a largo proportion of cases of sciatica are either primarily or secondarily 
of the nature of a psychoneurotio disorder Clearly if so many hypotheses 
can co-oxist upon the nature of sciatica, and in addition so many methods 
of treatment be employed in a disease which is admittedly often self-hmitmg, 
these hypotheses must bo based upon lack of exact knowledge of the imder- 
lying pathological process or faulty interpretation of physical signs 

The patients in the present senes were investigated during the course of 
three years at a neurosurgical centre, at two emergency hospitals each with 
a largo orthopaedic unit, and at St Thomas’s Hospital A large proportion 
(approximately 60 per cent ) consisted of patients in the Services, so the 
average age is somewhat lower than is gcnerallj' recorded in other investiga- 
tions made in times of peace The cases fall into three main diagnostic groups 
A Intervertebral disk protrusions 

B Inflammation or disease of muscular or fascial structures 
C Cases in which there was involvement of the cauda equma, sacral 
plexus, or sciatic nerve by gross disease of neighbouring structures 
D Cases havmg a functional basis 

The age and sex incidence in the series arc set out in the following tables 
Groups C and D are not included except to show the number of oases in the 
groups, the primary diagnosis being arranged in a separate list 


Group A Group B Group C 

Prolapsed inter- Disease of myofascial Miscellaneous 
vertebral disk structures causes 

*103 (63%) 110(30%) 20(7%) 

Totol — 306 coses 


Group D 
Psychological 
origin 
12 (4%) 


* This figuro represents the total number of cases in irhich a diagnosis 
of prolnpsfxl intorvortobrol disk was made either clmically or ohnioaUy 
nndrndiologicnlly It doosnot represent the number of confirmed diagnoses, 
ns only 1 18 of these cases wore submitted to laminectomy 


Male Female Average age 

Group A 134 (82 %) 29 (18 %) 32 7 years 

Group B 94 (86 5®o) 10 (14 6%) 32 9 ,, 

(Xlioro was a slight predominance of males m the population from 
which the cases wore drawn ) 

Group C 


Primary diagnosis 
Spondylolisthesis 
Spondyhtis ankylopoietica 
Ostoo arthritis of hip 
Gonococcal arthritis 
Tumour of cauda equina 
Sarcoma of pelvis 
Caremoma of rectum 
hletastasis from lung oaromoma 
Herpes zoster 

Group D 

Psyohoneurosis 

Total — 32 oases 


Number of cases 
3 
2 
7 
2 
1 
1 
1 
2 
1 

12 
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recovery usually occurs m two to three weeks The duration of symptoms 
appears to he largely independent of treatment, heat, massage, and analge- 
sics do no more than give symptomatic rehef The less severe cases may be 
ambulant, a fact which does not seem to bring about any prolongation of 
the penod of symptoms There is a marked tendency for attacks of back 
pam due to disk prolapse to recur The second and subsequent attacks 
sometimes follow trivial trauma or exposure, or occur spontaneously Attacks 
of this kmd may be repeated over a period of several years before the 
appearance of any additional s 5 mptoms and signs Pam of this type 
occurred m 98, or 61 per cent of the 163 cases fallmg into this group, and 
was of a remittent character m 80 per cent The majority of patients here 
considered did not come under observation until further symptoms had 
occurred in addition to back pam, the average total length of history bemg 
m the neighbourhood of two years , the longest was 19 years and the shortest 
three months 


Duration of Symptoms on Admission to Hospital 


Less than 1 year 28 8 "i 

1 to 3 years 42 6 „ 

3 „ 6 „ 16 2 „ 

Over 6 years 12 6 „ 


Pam m the lower limb may follow upon back pam after a varymg mterval, 
and m some 40 per cent of the cases was the imtial symptom. The distn* 
bution and character of this pam is variable Most commonly it is felt m 
the buttock, the back of the thigh, and on the outer side of the leg and foot 
Frequently there is an apparent gap from the knee to the ankle m which 
pam 18 not felt It is of interest to note that a considerable number of 
patients spontaneously offered the mformation that the leg and foot pam 
differed from that felt m the buttock and thigh The latter is usually 
desenbed as a dull gnawing or achmg sensation apparently deep m the 
substance of the limb, whereas the pam m the leg and foot is varyingly 
described as a sharp stab, a painful numb feehng, or a burning sensation, 
and tends to be more mtermittent and more subject to alteration by move- 
ment and exertion than that m the thigh The pam m the foot has in fact 
many of the characteristics of true root-pam Many of the patients who did 
not volunteer this mformation stated on direct questioning that there was 
a distinction m the pain between the two situations mentioned Pam m the 
leg may or may not bo associated with pam m the back It tends to be 
aggravated by movement, particularly by spmal flexion or any exertion, 
and often makes sittmg for any length of time extremely uncomfortable 
Tlic effect of posture vanes On the whole, those who are not m very severe 
pam arc more comfortable standmg than lying down Rest gives some relief, 
but sleep is often disturbed bj' sudden exacerbations Paraesthcsiac m the 
form of a sensation of pins and needles m the leg or foot occur m a small 
number of patients and do not necessarily coincide with the presence of any 
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^vhich procedure liad, it appeared, been performed with much difficulty and 
was accompanied by conaidorablo pain in the back Congenital abnormalities 
of the lumbar spine, excluding spondylobsthesis, were found in approxi- 
mately 12 per cent of cases A similar figure was obtamed m the radio- 
graphic examination of the lumbar spines of some 60 patients suffering from 
conditions other than sciatica It is not therefore eonsidored that such 
defects as saorahzation of the fifth lumbar vertebra, spina bifida, and arti- 
culation of the fifth lumbar vertebra with the saerum or ihum have any 
direct bearing on the production of sciatic pain Exposure to cold and damp 
docs not play a prominent part in the production of the mitial symptoms of 
a prolapsed disk, but a recurrence of those symptoms is not infrequently 
precipitated in this way Exposure includes sleeping in the open, workmg 
in damp clothes, and subjection to frequent vanations in external tempera- 
ture, all of which factors are inevitably prominent m considering a senes of 
cases which includes a large number of Service personnel 

The. Symploms of Dial Protrusion 

The symptoms of the typical case of prolapsed intervertebral disk consists 
of three main phases — the initial trauma, the onset of pam in the back, and 
the onset of pain in the leg The relationship of the onset of symptoms to 
trauma is variable Lack pain may follow immediately upon the injury or 
accident or there may bo a bnof interval, or the two events may be only 
remotely associated in time The findings in the present senes are set out 
below Eighty-six per cent of cases had suffered trauma of varying degree 

Iinnjcdioto onset Delayed up to six months Remote 

72 % 24 % 4 % 

Thus it will bo seen that the onset of symptoms is most commonly asso- 
ciated with very recent trauma The initial pain is fairly constantly referred 
to the lumbar region and is most commonly felt m the midlme, with a ten- 
dency to spread laterally on both sides At times the pain radiates mto one 
or both buttocks and occasionally into the posterior aspect of the thigh on 
one or other side It is rare for the pain to extend mto the calf or the foot 
at this time The pam vanes greatly in severity, both m the same case and 
from one case to another It may be relatively tnvial, or may have all the 
character of the condition usually regarded as lumbago In the latter in- 
stance the pam is intense, movement is resented, the spme is held rigidly , 
usually slightly flexed, and there is obvious spasm of the paraspmal muscles 
Whether the pam is shght or severe it is characteristic that the patient is 
unable to find any posture which gives complete relief Sleep is apt to he 
disturbed by sudden exacerbations of pam Usually movement of the spme 
IS both painful and restneted, particularly flexion, which may be impossible 
owing to the degree of muscle spasm present As is to be expected m any 
condition m which muscle spasm plays a part, ooughmg and sneezmg 
aggravate the pam This phase of the syndrome is self-himtmg, and slow 
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suggested by the fact that the scoliosis may at different tunes change its 
direction m any one patient, and that there is no constant relationship 
between the site of the disk protrusion and the related nerve root on the 
one hand, and the direction of the scohosis on the other The writer has 
gained the impression that a scohosis is less common when the disk pro- 
trusion lies between the fifth lumbar vertebra and the sacrum than when 
between the fourth and fifth lumbar vertebrae The scohosis is usually 
accentuated on flexion or attempted flexion of the spme with the legs 
straight It IS significant to note that during flexion there is a tendency for 
the affected heel to be lifted off the ground by an mcrease m the pelvic tilt 
together with flexion at the knee Some patients, on resuming the upright 
posture after flexion, display a curious lurch of the trunk upon the pelvis 
which gives the impression of a momentary undomg of the scohosis The 
scohosis and flattenmg of the lumbar spine usually persist in some degree 
during a period of spontaneous remission of symptoms Some disturbance of 
spinal movement, both passive and active, is mvariably present Charac- 
teristically flexion is grossly restricted Extension also is usually very hmited 
In a severe case virtually no flexion or extension of the lumbar spine can be 
detected clinically In marked contrast to this is the presence of full lateral 
flexion to each side, together with a normal range of rotatory movement 

The neurological signs may be classified as follows — local tenderness. 
Lasagne’s sign, and motor, sensory, and reflex disturbances Local tender- 
ness was present in approximately half the cases under review , its situation 
was vanable, but in general was confined to the region between the lumbar 
spme and the popliteal space In no case could any tenderness be elicited 
below the knee, except m four patients who displayed cutaneous hyper- 
aesthesia on the foot As a rule the tenderness is difficult to locahze, is to 
bo found on deep palpation of the posterior aspect x>f the thigh, and is less 
marked in the midline of the thigh than laterally and medially The tender- 
ness in the thigh is not confined to the course of the sciatic nerve, but is such 
as would bo expected on palpation of muscles m spasm Less commonly 
a similar diffuse tondomess is found in the buttock or lumbar region, the 
tenderness in the latter area bemg usually in the erector spinae muscles of 
the affected side Lasdgue’s sign was the most constant of all the findmgs 
and vas positive in every case The test as origmally described consisted of 
flexing the hip on the affected side with the patient recumbent, and sub- 
sequently extending the knee until pain is felt The method here adopted 
differs in that the leg is raised with the knee extended from the first until 
the patient resists on account of pain The majority of patients were unable 
to tolerate raising of the leg in this manner to more than 46° , some could 
Bcarcclv bear the leg to be lifted from the bed The pain thus induced is 
mo^t often referred to the upper gluteal and lumbar regions of the same 
Ride , less frequently it causes an exacerbation of the pre-cxisting pain and 
radiates to the ankle and foot Very intense pain results if the delated 
limb IS suddenly allowed to fall to the bed, and is usually felt in the lumbar 
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objective disturbance of sensation Those paraesthcsiae when present are 
usually initiated or aggravated by coughing, sneezing, or flexion of the spine 
The pain in the leg may, like the pain in the back, be subject to remission, 
either spontaneously or ns a result of rest At times it may disappear with 
quite dramatic suddenness in a period of 24 hours or less To summanze, 
the typical history in patients with prolapsed intervertebral disk, is one of 
trauma, followed bj' intermittent pain in the back, in turn followed by pain 
in the leg also liable to remission, and often consistmg of two distinct types. 

The physical signs associated with this condition fall mto two mam 
categories, those which arc primarily mechanical, and those mdicative of 
disturbed nervous function The general aspect of the patient does not 
present any characteristic features The ambulant patient may display 
a limp, usually with a lurch to the affected side The gait may be shufflmg, 
w ith small steps, and ma}' give an impression of rigidity such as might be 
expected from one who finds walking painful The more severely affected 
patients arc usually already confined to bed when first seen They are 
obviously in considerablo pain and display a restlessness consequent upon 
their inability to find a position of comfort Each patient usually finds for 
himself a position of maximum comfort, often consistmg of lymg half on 
the unaffected side, with the affected leg flexed at the hip and knee Of the 
mechanical signs those found on oxammation of the back are the most out- 
standing An alteration m the normal curve of the lumbar spme is common, 
and was observed m 140 of the 163 cases m this group (86 per cent ) It 
consists of an obliteration of the normal anterior convexity, which gives an 
impression of flatness to the lumbar spine, amountmg at times to an actual 
lumbar kyphosis, of which the greatest prommence is m the region of the 
third and fourth lumbar spines This deformity is associated with an m- 
creaso of the lumbosacral angle, that is a tendency for the lower part of the 
sacrum to be projected anteriorly, which in turn is secondary to a forward 
tilt of the whole pelvis Some degree of spasm of the erector spmae muscles 
is almost always present and can be both seen and palpated Usually 
symmetrical, it may bo more marked upon the affected side Soohosis is 
common, and was observed in the majority of cases m this group The 
direction of the deformity is variable , the concavity may be to the affected 
or to the unaffected side 

Scohosrs 

Concave to the nSected side Concave to the unaffected side None 

41(26%) 99(61%) 23(14%) 

The primary deformity causmg the scobosis seems to be a lateral tilt of 
the pelvis, the affected side being elevated, it is sometimes associated with 
mability or unwillingness on the part of the patient to put the heel of the 
painful side upon the ground, a feature first observed by Lasagne (1864) 
Whether or not the scobosis is to be regarded as a simple correction of the 
pelvic tilt IS doubtful That this may be the correct mterpretation is 
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corresponded 'with its whole distribution The ankle reflex was diminished 
in 35 per cent o{ cases, lost in 28 per cent , and was normal m 37 per cent 
Diminution of the knee reflex was found in 2 5 per cent of patients It is of 
interest that the motor, sensory, and reflex disturbances, once present, tend 
to persist during remission of symptoms, and indeed may persist after 
laminectomy 

Certain accessory methods of diagnosis were used m a proportion of cases. 
Lumbar puncture was performed in 121 instances, but subarachnoid block 
was never demonstrated Chemical exammation of the cerebrospmal fluid 
did not show any consistent abnormahty, the total protein content being 
raised in only 9 5 per cent of fluids exammed This finding is at variance 
with the expenence of certain previous wnters whose results are tabulated 


below 

Author 

Number of cases 

Total protein over 40 tug per 100 c c 

Mixter and Barr (1934) 

7 

7 (100%) 

Love (1938) 

265 

93 (34%) 

Macoj' (1940) 

90 

60 (82 5 %) 

Walsh (1939) 

265 

174 (66%) 

Slore recent writers 

(O’Connell, 1942, 

Pennybacker, 1941) have stated 


that the cerebrospmal flmd is usually normal, and regarded lumbar puncture 
as a valueless procedure m this condition. The same conclusion was arrived 
at in the present senes, and in the more recent cases lumbar puncture was 
dispensed u ith Radiographic exammation of the lumbar spme, without the 
use of contrast media, is of little value in the diagnosis of prolapsed mter- 
vcrtebral disk, other than for the purpose of excludmg gross bone or joint 
disease Attempts at radiological comparison of the relative sizes of the 
intervertebral spaces have not met with success, nor m fact would any 
marked difference in these spaces be logically expected It is only a portion 
of the intervertebral disk that is extruded, and there is no outward dis- 
placement of the greater part of the annulus fibrosus Very occasionally, 
however, there is a definite narrowmg of the intervertebral space at the site 
of a disk protrusion X-rays with the use of a contrast medium (either air, 
iodized oil, or Pantopaque) are of some diagnostic value, although not nearly 
so frequently used now m this country as formerly Contrast myelography 
was used extensively m earlier eases m the present series, but latterly has 
been dispcuecd with It was considered that the degree of error was too 
high and the risk of aggravating the pain or causing a localized meningitis 
vns too great to continue the use of this procedure Further, it was con- 
sidered that the history and physical signs of prolapsed intervertebral disk 
arc sufficiently definite to justify a diagnosis without it 

The Mechamsm of the Symptoms and Signs of DisL Prolrxtswn 
Reference has already lieen made to the very common association of 
trauma with disk protrusion, m particular trauma with the spine in flexion 
V> lien the spine is flexed the posterior part of the intervertebral space tends 



1G4 


QUARTERLY JOURNAL OP MEDICINE 

region of tile siinio side In nliout linlf of the cuses Lus^gue's sign was posi- 
tive on both sides, but it was found that the sound limb could always be 
raised somewhat higher than the affected one In 20 per cent of the cases 
elevation of the sound limb induced pain referred to the affected side The 
head and knee test was positive in 70 per cent of eases During periods of 
remission of symptoms both the sigpis mentioned above tend to dimiiiish in 
degree, although it is unusual for them completely to disappear if once they 
have been present The finding of an actnal diminution in voluntary power 
in certain muscles in the log in association with prolapsed disk has been 
recorded by various writers, including Walsh (1939), 22 per cent of 286 
cnscs. Love and Walsh (1940), 26 per cent of 600 cases, and Spurhng and 
Bradford (1939) In the present senes no motor weakness could be demon- 
strated other than that amount of unwillingness to evert maximum effort 
naturally associated with a painful condition of a limb In 78 per cent of 
tho present senes a m ell-marked hypotonia of tho calf muscles, usually asso 
cintcd uitli an apprcoiablo degree of wasting, was observed This disturbance 
was always confined to tho affected limb Tho disturbance of sensation 
found was vanablo m its distribution and seventy, and sensation was never 
completely lost over any area, a relative hyponesthesia to pin-prick over 
part of the cutaneous area supplied either by the fifth lumbar or the first 
sacral nerve root was tho usual finding The majority of patients subjected 
to laminectomy were those m whom a disturbance of sensation had been 
demonstrated 


Prolapsed disk 
With Inminoctomy 
Without Inmincctomy 


Cases Sensory disturbonco L6 
118 86 (73*.) 21 (24%) 

45 12 (26*<.) 2(16 5%) 


SI 

65 (76%) 
10 (83 6%) 


It was found that there was no constant relationship between the area of 
sensory disturbance and the site of tho disk protrusion, as is evident from 
tho figures concerning tho site of tho protrusions 


Site of protrusion 


Lnminco tonnes 
118 


L4— 6 
64 (64*.) 


L6— SI 
28 (24*;) 


None 

26 


One constant feature emerged — a protrusion between the fifth lumbar 
vertebra and the sacrum was never associated wuth a sensory disturbance m 
the fifth lumbar distribution The disturbances consisted of a dullness to 
perception of pin-pnok in all but four cases in which an area of hyper- 
aesthesia was found over the outer aspect of the foot In general while the 
medial and lateral boundaries of the sensory abnormahty were usually weU 
defined on the dorsum of the foot, the upper limit was often lU defined and 
sometimes impossible to determine with accuracy It was always difficult to 
determine the hunts on the sole of the foot owing to the varying thickness 
of the skin Further, in tho majority of cases, the hypoaesthesia was con- 
fined to the more distal part of the dermatome mvolved and seldom 
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sensory disturbctnce lies in tlie distribution of one of tbe lower lumbar or 
upper sacral dermatomes, and is tbus compatible witb interference witb an 
intraspmal nerve root by a disk protrusion m the lower part of the spinal 
column In this connexion it is of mterest to note the anatomical relation- 
ship of the nerve root to the protrusion When the latter is medially 
situated the nerve root is found either on its lateral side or restmg on its 
summit When the protrusion is laterally placed the root usually hes to its 
medial side Owing to the restricted field of view at operation it is not easy 
to determine which is the affected root, but in 19 of my cases the affected 
posterior root was divided mtradurally After this there was usually a tran- 
sitory disturbance of sensation m the cutaneous area supphed, and it 
appeared that protrusions between the fourth and fifth lumbar vertebrae, 
although more often mvolvmg the fifth- root, did sometimes involve the first 
sacral nerve root, particularly if the disk was medially situated 

Spontaneous remission of symptoms is not easy to account for Cessation 
of pain in the back is probably a result of tbe subsidence of an inflammatory 
reaction in the damaged ligaments and a consequent rehef of muscle spasm, 
but it IS not clear why the pain due to root compression should cease, some- 
times quite suddenly It is unlikely on mechamoal grounds that a disk 
protrusion, particularly of the sequestrated t 3 rpe, could return to its onginal 
position, although it is probable that a postural factor bnngs about an 
alteration in the relationship of the nerve root to the protrusion That the 
protrusion may make a ‘ bed ’ for itself in the vertebral body is suggested by 
the occasional presence of a crater-like appearance in the postero-infenor 
aspect of the vertebral body in lateral X-ray photographs Other explana- 
tions of remission have been put forward by Deucher and Love (1939) who 
suggested the occurrence of mtermittent oedema of the disk protrusion 
Love and Walsh (1940) referred to a suggestion by Adson that remission is 
associated with an intermittent degeneration of pain conducting fibres in 
the posterior nerve root Neither of these hypotheses gam support from 
histological examination of raatenal removed at operation 

The majority of the physical signs present in patients suffering from disk 
protrusion can be explained by the mechanical condition present, for limita- 
tion of spinal flexion which is so constantly present is to be expected in view 
of the increased stretch imposed on damaged ligaments At the same time 
the spinal canal is elongated and the dura stretched, which m turn increases 
the tension upon a nerve root already displaced by the disk Limitation of 
extension cannot be explained in the same way, and can be accounted for 
only by supposing the existence of local muscle spasm, in particular m the 
psoas and quadratus lumborum muscles The deformity of the lumbar spine 
IS a defect of posture caused bj- muscle spasm, and is unassociatcd with any 
bony abnormality The flattening of the lumbar spine can bo accounted for 
in part by a forward tilt of the sacrum and pelvis, a movement which would 
tend to lessen the tension upon the lower lumbar and sacral nerve roots 
(0 Connell, 1942) Capener (1044) suggested that this deformity is a result 
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to increase and there is associated increase in tension upon all the ligaments 
whoso attachments ho behind the axis of movement Thus, m flexion the 
posterior oommon ligament, hgamenta flava, and supraspmous and inter- 
spinous ligaments are stretched It is to bo expected, therefore, that any 
sudden force acting directly or indirectly upon the spine in these circum- 
stances may cause damage to any or all of these normally stretched structures, 
and it IS probable that the mitial syunptoms of intervertebral disk prolapse 
are those of local damage to such structures m the lumbar spme From this 
it follows that in this initial stage when symiptoms are confined to the back, 
there arc no signs particularly characteristic of a disk protrusion , mdeed it 
IS unlikely that actual protrusion occurs at this stage 

Roofe (1940) has demonstrated a nerve supply, not only to the ligamentous 
structures of the back, but also to the annulus fibrosus of the mtervertehral 
disk The latter is supplied through a recurrent branch which anses ]ust 
distal to the postenor root ganghon and is distributed to the annulus two 
segments below Inman and Saunders (1942) emphasized the sclerotomal 
distribution of pain in association with damage to hgamentous structures m 
the spinal column Thus if damage has occurred to the ligaments in the 
neighbourhood of the fourth and fifth lumbar vertebrae, pain will be felt 
locally and will also be referred to the deeper structures of the buttock and 
thigh which have the same sclerotomal innervation In addition pam may 
bo referred by the recurrent nerves to a higlier level m the back It is 
suggested here that pam in the back, buttock, and posterior aspect of the 
thigh after injury to the lumbar spine is a manifestation of damage to hga- 
mentous structures with associated muscle spasm, and does not depend 
on spinal root compression or of necessity imply the presence of a disk 
prolapse 

The posterior common ligament is firmlj’' attached both to the vertebral 
bodies and the annulus fibrosus of each mtervertehral disk, and must play 
a considerable part m maintammg the latter structure m position Any 
injury to this hgament would lessen its power to retain the annulus and the 
intervertebral disk, which, by its own turgidity and the pressure of the body 
weight, would tend to be expelled backwards In addition, the annulus 
fibrosus itself may sustam damage ns a result of its attachment to the 
posterior ligament The latter structure is strongest centrally and tends to 
be much thinner laterally, and ns would be expected the majonty of disk 
protrusions are to one or other side of the mid-lme The farther from the 
mid-bne the protrusion occurs the greater the probability of its becommg 
sequestrated m the spmal canal, whereas the more centrally placed protru- 
sions tend to present as smooth bulges behmd the ligament 

It has already been pointed out that the pam felt m the lower part of the 
leg and foot is of a different character from that m the back and thigh It 
does m fact bear many pomts of resemblance to a root pam It is frequently 
of a sharp nature, intermittent, referred to the skm, and is often associate 
with subjective or objective disturbance of sensation Further, the objective 
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sensory disturbance lies m the distribution of one of the lower lumbar or 
upper sacral dermatomes, and is thus compatible with interference with an 
intraspmal nerve root by a disk protrusion m the lower part of the spinal 
column In this connexion it is of mterest to note the anatomical relation- 
ship of the nerve root to the protrusion When the latter is medially 
situated the nerve root is found either on its lateral side or restmg on its 
summit When the protrusion is laterally placed the root usually lies to its 
medial side Owing to the restricted field of view at operation it is not easy 
to determme which is the affected root, but in 19 of my cases the affected 
postenor root was divided mtradurally After this there was usually a tran- 
sitory disturbance of sensation m the cutaneous area supplied, and it 
appeared that protrusions between the fourth and fifth lumbar vertebrae, 
although more often mvolvmg the fifth root, did sometimes mvolve the first 
sacral nerve root, particularly if the disk was medially situated 

Spontaneous remission of symptoms is not easy to account for Cessation 
of pain in the back is probably a result of the subsidence of an mflammatory 
reaction in the damaged ligaments and a consequent rehef of muscle spasm, 
but it 18 not clear why the pam due to root compression should cease, some- 
times quite suddenly It is unlikely on mechamcal grounds that a disk 
protrusion, particularly of the sequestrated type, could return to its onginal 
position, although it is probable that a postural factor brmgs about an 
alteration in the relationship of the nerve root to the protrusion That the 
protnision may make a ‘ bed ’ for itself in the vertebral body is suggested by 
the occasional presence of a crater-like appearance in the postero-infenor 
aspect of the vertebral body in lateral X-ray photographs Other explana- 
tions of remission have been put forward by Deucher and Love (1939) who 
suggested the occurrence of mtormittent oedema of the disk protrusion 
Love and Walsh (1940) referred to a suggestion by Adson that remission is 
associated with an intermittent degeneration of pain conducting fibres in 
the posterior nerve root Neither of these hypotheses gam support from 
histological examination of material removed at operation 

The majority of the physical signs present in patients suffering from disk 
protrusion can be explained by the mechanical condition present, for limita- 
tion of spinal flexion which is so constantly present is to be expected in view 
of the increased stretch imposed on damaged ligaments At the same time 
the spinal canal is elongated and the dura stretched, which m turn increases 
the tension upon a nerve root already displaced by the disk Limitation of 
extension cannot be oxplamed in the same wav, and can bo accounted for 
onlj bj supposing the existence of local muscle spasm, m particular m the 
p"^oas and quadratus lumborum muscles The deformity of the lumbar spine 
IS a defect of posture caused by muscle spasm, and is unassociatcd with any 
bony abnorraahtj The flattening of the lumbar spine can bo accounted for 
m part b\ a forward tilt of the sacrum and pelvis, a movement which would 
tend to lessen the tension upon the lower lumbar and sacral nerve roots 
(0 Connell, 1942) Capener (1944) suggested that this deformity is a result 
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of spasm of the hamstring muscles, since in any circumstances in which 
these muscles are shortened there is a tendency for the normal lumbar 
lordosis to bo obliterated A possible explanation of the scoliosis has already 
been put forw ard, tho primary disturbance being a tilt of the pelvis upwards 
on tho aflccted side, the scoliosis being compensatory' It must be admitted 
that this pelvic tilt is not constantly present and some additional explana- 
tion IS required It has been suggested that a tilt of tho lumbar spme away 
from tho aflccted side relieves pressure upon the affected nerve root by 
widening tho corresponding intervertebral foramen This explanation is 
untenable in the present senes ns, with one exception, there was no evidence 
of compression of a nerve root at the intervertebral foramen Further, 
a scoliosis convex to the affected side tends to increase the tension upon the 
nerve roots upon that side It is suggested here that the scoliosis depends 
upon n resultant movement of the nerve root away' from the summit of the 
protrusion mth n consequent decrease in tension This would explain the 
phenomenon of the alternating scoliosis which is occasionally encountered 
Further support for tho hypothesis that the scoliosis tends to reduce the 
tension upon the nerve root is gained from the fact that the deformity is 
frequently more marked in spinal flexion, a movement that is known to 
increase the tension on the root 

A positive Lnsdguo’s sign is m part on indication of increased tension upon 
a nerve root, and in part an indiction of spasm of the paraspinal and ham- 
string muscles O’Connell (1942) has clearly demonstrated that elevation of 
the extended leg increases the tension upon intraspmal nerve roots, but if 
tins were the sole mechanism operative in the production of Lasegue’s sign 
it would be expected that tho pain elicited would bo felt m the distnbution 
of the stretched root This, in fact, is not the case, the pain is usually 
referred to the back and buttock Moreover, Lasdguo’s sign is in part no 
more than spmal flexion m reverse and as would be expected the pain pro- 
duced by spinal flexion is similar in character and site to that produced by 
elevating tho extended leg This sign must be interpreted as mdicatmg pn 
manly’ damage to ligamentous or fascial stnictures in the back and to a lesser 
degree an increase in tension upon an already stretched nerve root It is, 
however, more constantly positive in sciatica duo to a disk protrusion than 
in myofascial sciatica and is therefore a sign of diagnostic importance The 
neurological signs present result from damage to fibres in the affected root, 
although flabbiness and wasting of the calf muscles on the affected side 
cannot be accounted for solely m this way This latter phenomenon may 
perhaps be aUied to the more profound wasting found m conditions such as 
osteo arthntis of the knee, in which wasting may precede any hmitation of 
movement and is to be regarded os a trophic disorder The occasional 
observation of wasting of the gluteal mnsoles in sciatica bears out this hypo- 
thesis Dimmution of the ankle reflex may be in part due to the hypotonia of 
the calf, although complete loss of the reflex clearly points to the compressed 
D 0 rv 0 root £ls tho cause 
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27ie Diagnosis from FtbrosiUs 

The differentiation of sciatic pam due to mtravertebral disk protrusion 
from pam arising from ‘ fibrositis’, so-called myofascial sciatica, is not always 
easy, and in the absence of neurological signs may be impossible Certam pomts 
of difference arise, howerer, both in the history and signs In the present senes 
110 cases were diagnosed as suffenng from myofascial sciatica, of these, two 
were subsequently found at operation to have prolapsed disks The average 
age and the sex incidence did not differ materially in the two groups, but 
certain predisposmg causes were noticeable in the fibrositic group, namely, 
exposure to dampness and cold, unaccustomed muscular effort, faulty 
posture, or a tendency to attacks of ‘fibrositis’ The faulty posture most 
commonly associated with the occurrence of sciatic pam was an uncomfort- 
able position while driving a motor vehicle (43 patients m this group were 
drivers of motor vehicles) A number of these patients complained or had 
complained of ‘ rheumatic ’ symptoms m other parts of the body, particularly 
m the postenor neck muscles and the muscles of the back of the shoulder 
girdle The onset of pam is commonly sudden, often relatively slight at first 
and tending to increase m seventy over a penod of hours or days, parti- 
cularly if immediate rest is not possible The situation of the pam is 
vanable, but is most commonly felt m the lumbar region, the buttock, and 
the back of the thigh Rarely, the pam extends below the knee, and m 
none of these cases was there any complaint of pam m the ankle or foot It 
18 usually dcscnbcd as a deep gnawmg ache, poorly localized by the patient 
and tending to be aggravated by movement Recumbency usually gives 
considerable rehef The physical signs of this condition are mconstant The 
only feature present m every case was local tenderness, usually in the 
erector spinao or the buttock, and often combined with a diffuse tenderness 
of the postenor thigh muscles Some degree of spasm of paraspmal muscles 
was usually present, but the range of spmal movement present was often 
Burpnsmglj free Lasegue’s test was positive in 69 per cent of cases, but 
tbo result of raismg the extended hmb differed somewhat from that found 
m patients with prolapsed disk The limitation of movement was not nearly 
so marked and the pain so resulting was felt mainly in the hamstrings 
rather than in the back or buttock, and was probably to be attnbuted to 
traction on muscles m spasm, since this sign can be abohshed by the mjection 
of procaine into the site of the primary lesion In none of these cases was 
nnj disturbance of rofloxes or cutaneous sensory function observed Some 
hypotonia of the calf muscles nas noted m 25 cases 

It IS clear that differentiation of the early case of disk prolapse from 
a purely fibrositic condition may be very difficult, the diagnosis resting 
largely upon negative findings in the latter condition Further confirmation 
is forthcoming from the procaine injection test introduced by Stcindlcr and 
Luck in 1938 These authors suggested five criteria for a proof of the 
‘fibrositic’ origin of the pain 
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1. Contact With the needle aggravates the local pain 

2 Contact with the needle elicits referred pain 

3 Procaine suppresses local tenderness 
' 4, Procaine suppresses referred pain 

5 Freedom of leg and spmo movement is restored 

The essential feature which emerges from these criteria is the abolition of 
both symptoms and signs by procaine injection into the painful area This 
test was earned out in 82 of the present senes of cases, the site of injection 
being into the buttock in 61 and erector spinao in 21 The results were as 
foliou 8 

Sjmptomfi and signs abolished 64 

Symptoms and signs rohovod 12 

Unaffected 0 

It is clear from these figures that the test is valuable in the diagnosis of 
mi ofnscial referred pain It is also of interest that there was no recurrence 
of pain after the injection in 15 of the 82 cases Injection of procaine into 
the paraspinal muscles in eases of sciatica duo to prolapsed disk frequently 
resulted in temporar}’ relief of pain in the back, but had no effect on the 
pain in the leg Further, but less dramatic, confirmation of the diagnosis 
Mas the effect of complete rest A decrease in the seventy of the pam was 
almost immediate and the majority' of patients were free from symptoms 
within three weeks Accessory treatment consisted of the apphcation of 
heat locally' dunng the penod of rest, followed by graduated exercises de- 
signed to bring about progressively increasing use of the affected structures 
By this means 92 eases (84 per cent ) were able to leave hospital free from 
symptoms uithin eight weeks Of the remaining 18 oases, 14 were considered 
to have a functional basis for the continuance of symptoms, and four were 
discharged from hospital with symptoms reheved but not cured The cases 
of symptomatic sciatica in the senes do not require further descnption 
The primary disease present was usually' obvious, the sciatic pain being only 
a secondary manifestation 

T/ie Treatment and Prognosis of Prolapsed Intervertebral Dish, with a Note 
upon the Natural History of Sciatica 

The treatment to be adopted in cases diagnosed as havmg an inter- 
vertebral disk protrusion depends upon a consideration of a number of 
factors Essentially, two courses are available, conservative treatment, by 
which is meant complete rest and measures directed toward the rehef of 
individual symptoms, and surgical removal of the protrusion Firstly, the 
natural history of sciatica must be considered from the pomt of view of the 
possibihty of spontaneous cure, the time taken for such a cure d it occurs, 
and the prospect of relapse Secondly, on the assumption that cure may 
result from conservative measures, the question arises whether surgery will 
matenally shorten the time required for recovery Thirdly, the knoim 
results of surgery must bo considered with particular attention to the h e 
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hood of permanent cure and the risks, both immediate and remote, of 
laminectomy It is difBcult to determine from a study of the earber litera- 
ture the natural history of sciatica treated by conservative methods The 
opimon of Gowers and Taylor (1899) was that sciatica, although subject to 
relapse and recurrence, was a self-limitmg condition, the prospect of eventual 
cure bemg good Wdson (1940) somewhat cautiously stated ‘ prospects 
depend on the degree of success with which underlying processes can be 
treated On these, too, is contingent the bkelihood or otherwise of recur- 
rence ’ In Taylor’s (1930) Prachce of Medicmt it is stated that the prognosis 
IS ‘ on the whole favourable complete recovery is the rule, though m severe 
cases it may be several months before it is established There is some 
liability to recurrence ’ More recently Symonds (1938) in the course of 
a discussion on intervertebral disk protrusions stated, ‘Now it is surely true 
that the great majority of patients with sciatica do get weU m the end 
V hatever is done or left undone the question which naturally arises out 
of the present diseussion is how many patients whose sciatica has been due 
to prolapsed disk — of course unrecognized — have in the past recovered with 
rest alone’’ Symonds concluded that if prolapsed disk is anythmg but 
a very rare cause of sciatica it is a lesion which is capable of spontaneous 
repair Speaking at a further discussion on the subject, Symonds (1942) 
stated that he was not convinced that recovery was materially assisted by 
operation and that recurrence might equally weU occur both in cases treated 
surgically and those treated medically 

In an attempt to determine the natural history of sciatica the present 
writer has, m the past two years, asked some 700 persons over the age of 
40 years whether they have at any time sufiered from sciatica The majority 
of the people questioned were hospital in-patients and out-patients suffering 
at the time from some other condition Forty-seven of these persons ad- 
mitted having had at some time a condition diagnosed as sciatica All but 
tuo had had one attack, the period of disabibty bemg up to three months 
The remaining two cases had had repeated attacks, but not of a seventy 
sufficient to cause great disability It is realized that the number of people 
questioned was small and that the diagnoses rested upon the subject’s uord 
Iscvcrtheless, the findings do lend support to the contention that sciatica is 
a sclf-limitmg disease 

It niaj be concluded that sciatica is a condition which will recover in the 
course of time, cither spontaneously or as a result of conservative treatment, 
and it IS therefore necessary either to regard intervertebral disk prolapse as 
a ncu cause of sciatic pain, which v ns very rare in the past, a conclusion 
uhich is not justified on clinical grounds, or alternatively sciatica due to 
this cause must be capable of recovery without surgical mtenmntion It is 
clear, therefore, that before the question of surgery is considered a prolonged 
trial of conservative treatment should be made In cases in which a reason- 
able tnal of medical treatment has been made without relief, or in those in 
which symptoms reappear immediately upon resuming an active life, the 
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prospects of surgery must be considered, and it must be asked whether 
removal of n disk protrusion will result in early relief of symptoms without 
prospect of recurrence In this respect the findings of various American 
writers arc oncournging Love and Walsh (1040) recorded five reourrences in 
a senes of 600 laminectomies and Dandy (1944) referred to 25 recurrences 
out of 610 cases operated upon Tho latter author, however, recognized 
what ho termed n ‘concealed disk’ which ho considered to he twice as 
common n cause of sciatic pain as the ordinary disk protrusion These con- 
cealed disks are recognived at operation ns a cavity in the mtervertebral 
space, it is difficult to understand how a spinal nerve root comes to be 
compressed b} such a cavity Price (1942) in recordmg 17 cases of prolapsed 
intcrvortobrnl disk gave a more detailed account of the operative results 
than 13 found in anj' of the American papers on this subject His results 
arc set out below 

Result 

Number of cases Good I'nir Bnd Uncortom 

17 8 4 2 3 

These results correspond more closely to those of tho present senes 

Number of disk protrusions romo\ ed 92 

Immodmto relief 04 

Improved 37 

Unimprotcd 11 

The improvement recorded in tho cases in tho second category was a rela- 

tively gradual process, and it seemed probable that recovery was not greatly 
accelerated bj' operation It will be seen that surgery by no means provides 
a certain remedy for this variety of sciatica 

Before submitting a patient to operation for removal of a disk protrusion 
certain cnteria must bo fulfilled These criteria are concerned with the 
duration of sjmptoms, tho response to medical treatment, the nature of 
the patient’s occupation and the prospects of return thereto, and of course 
the patient’s willingness to undergo a major surgical procedure No patient 
in tho present senes was treated surgically^ if the presentmg attack was of 
less than four months’ duration, after four months operation was considered 
only if medical treatment had been tried unsuccessfully or if relapse had 
occurred upon resuming normal activity In those cases m which attacks 
had occurred at frequent mtervals over a ponod of years, surgery^ was under- 
taken only if a period of three weeks’ complete rest was without benefit 
The question of the patient’s occupation is of twofold importance Firstly, 
from the economic aspect it is necessary to consider whether surgery will 
hasten return to work, secondly, the actual nature of the employment, 
whether sedentary or manual There can be no doubt that in a case success- 
fully treated by operation an early return to work can be anticipated, with 
complete freedom from symptoms , whereas further conservative treatment 
would probably entail a prolonged period of disability even though oontmued 
stay m hospital were not necessary The nature of the patient’s employment 
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IS important m that sufficient rehef from symptoms may be obtained con- 
servatively for a sedentary occupation to be resumed A patient engaged in 
more active work would be more severely handicapped by bis s}Tnptoms 
and 18 more likely to require operation for their relief In the present senes 
82 per cent of patients who were treated by lammectomy were engaged in 
heavy work The actual nsks of operation are very slight, m the present 
senes there were no deaths and the only postoperative complications met 
were minor sepsis of the wound (7 cases), haematoma at the operation site 
(4 cases), and a transient retention of unne (11 cases) The remote risks are 
concerned with the possibihty of some disabihty ansmg as a result of lami- 
nectomj' At the present stage it is not possible to assess the late results of 
laminectomy, but no disorder directly attnbutable to the operation has yet 
been met in any of the cases under consideration A review of the results of 
laminectomy five or 10 years after operation is clearly of the greatest impor- 
tance in this connexion, even though it is known that lammectomies performed 
for spinal tumours have not given rise to disability many years later To 
summarize, the indications for surgical treatment are — symptoms should 
have been present for four months or longer, medical treatment has failed, 
economic reasons make necessary an earher return to work than could 
reasonably be expected from continued medical treatment, and the nature 
of the sufferer’s work is such that the presence of symptoms debars him 
from returning to it 

The actual tecbmque of medical treatment requires httle description, the 
essential feature being rest in bed It did not appear to make any appre- 
ciable difference to the results of such treatment, whether freedom of 
movement in bed was allowed or not Nineteen cases were placed m plaster 
beds with the spine m moderate extension This treatment did not seem to 
have anj' particular advantage over unobstructed rest in bed, and had the 
disadvantage that the majority of patients so treated complained sub- 
sequently of some stiffness in the back and legs, and also showed a tendency 
to develop flat feet An attempt was made in seven cases to dispense with 
rest m bed by partial immobilization of the lumbar and lower dorsal spine 
in a plaster jacket As iias not unexpected, this treatment was uniformly 
unsuccessful, and all the patients were subsequently treated m bed No 
treatment other than the admirastration of mild analgesics and the local 
application of heat to the lumbar region, buttock, and thigh was instituted 
until the symptoms started to abate At this stage graduated exercises in 
bed Mere started, the return of any pain being regarded as an indication 
that the treatment was progressing too fast, until finally after from three to 
nine weeks in bod graduated exercises out of bed were commenced The 
average duration of stay in hospital for patients successfully treated by this 
method uas eight weeks 


A diagnosis of prolapsed intervertebral disk was made on 1C3 occasions 
Of this total 4 '5 patients received conservative treatment onh On leaving 
hospital 29 were free from symptoms, 12 were much improved, and four 
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wore unimproved but refused operation Of the 41 patients either symptom- 
free or relieved, seven were cmlinns, all of whom were able to resume their 
normal occupations Of the remaining 34 iServjco patients eight were con- 
sidered unfit for further military service and were discharged Twenty-six 
rotunicd to Sorvuco life m a low medical category Only one of the civihan 
patients has since complained of a severe return of pain, and a further 
period of rest resulted in complete relief of symptoms Unfortunately, 
a follow -up of the Service patients in this group has not been possible 
It 18 boj'ond the scope of the present paper to describe in detail the 
operative technique employed in removal of intervertebral disk protrusions, 
but the methods of all six surgeons concerned with these oases were broadly 
the same In general the operation consisted of removal of the spines and 
laminae of tho fourth and fifth lumbar vertebrae, the minimum of bone be- 
ing removed compatible with an adequate exposure In the course of 
removal of tho laminae tho ligaraonta flnva were resected as far laterally as 
the lateral intervertebral joints The more laterally placed ‘sequestrated’ 
disk protrusions were usually visible without retraction of the dural sac 
The niediallj’’ placed protrusions were usually revealed only after retraction 
of tho dura The disk material was removed oxtradurally m all cases except 
one, the latter, one of tho four having centrally placed disk protrusions, had 
had a hpiodol examination made, and opening of the dural sac was necessary 
for removal of tho oil Mention has already been made of the varying re- 
lationship of the affected nerve root to tho disk protrusion It was an 
interesting feature, in marked contrast to the findings of other writers, that 
in spite of the apparent tension existing in the affected nerve root, the root 
itself appeared quite normal in size, colour, and consistency in almost every 
case Removal of tho sequestrated type of protrusion was a very simple 
matter Usually a small incision into the thin ligamentous covenng was all 
that was required to enable the protrusion to be lifted out intact Removal 
of the medially placed disk ‘bulge’ was more difficult, the disk matenal 
having to be excavated piecemeal The dural sac was opened only when 
removal of iodized oil was necessary, or when division of a postenor root 
was intended Removal of the disk protrusion, in some cases wnth division 
of the affected postenor root, was, with one exception, the only operative 
procedure earned out in the present ’senes of lammeotomies In this parti- 
cular patient no abnormality was detected, and in view of the very severe 
nature of the symptoms and signs m the back a bone-grafting operation was 
performed wnth subsequent very good effect, the symptoms bemg completely 
relieved 

In 20 of the operations performed no disk protrusion was found, and it is 
noteworthy that m 16 of these cases the symptoms were confined to the back, 
buttock, and thigh In two cases defimte disturbance of sensation was 
observed before operation, and in seven there was doubtful impairment of 
nerception of pin-pnok over the lateral part of the dorsum of the foot Ip 
12 cases the ankle reflex was diminished on the affected side, and was asso- 
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ciated vnth marked hypotoma of the calf At operation 11 patients were 
found to have very marked thickenmg of the hgamentum flavum on the 
affected side, and m three the thickening was bilateral Only once was any 
mechanical interference with a nerve root found In this case a large osteo- 
phytic outgrowth was detected and removed from behind the right fifth 
lumbar nerve root Symptoms were subsequently only partially relieved, 
and the patient continued to complain of pain m the back and thigh, 
although the pre-evisting pain in the leg and foot had ceased In none of 
the other cases was any evidence of root compression detected It was not 
considered that the thickenmg of the hgamentum flavum could in itself 
compress the nerve root even at the mtervertebral foramen, and it can only 
be assumed that these cases were examples of myofascial sciatica, m which 
the history, symptoms, and signs resembled those characteristic of prolapsed 
disk Of the 26 cases referred to above, seven were immediately relieved of 
all symptoms by operation, 16 made a gradual recovery, and three were 
unimproved six months after operation Of the 23 that improved, 12 have 
been observed for from six to 18 months and none has relapsed so far 

The post-operative treatment differed only in minor details at the various 
hospitals concerned For the first three days after operation the patient was 
not encouraged to make any attempts at movement Position was changed 
two-hourly and lying on the back encouraged It is remarkable how com- 
fortable patients usually were in this position, in spite of the wound m the 
back A careful watch was kept for any disturbance of sphincter control, in 
particular retention, for which condition cathetenzation was occasionally 
necessary for 24 to 48 hours From the fourth to the tenth day, if the 
patient’s general condition permitted, passive movements of the legs were 
commenced, active movements being encouraged as soon as they could be 
painlessly performed From the time of the removal of stitches on the tenth 
day a course of graduated exercises m bed was instituted and maintained 
until the patient was allowed to get up on the twenty-first day Initially 
patients were allowed up on the fourteenth or fifteenth day, but this was 
followed so frequently by a complamt of backache that a further week in 
bed was considered advisable From the fourth until the end of the fifth or 
sixth week increasing activity was encouraged with graduated exercises and 
the successful cases were allowed to leave hospital at the end of this period, 
the Service patients being placed in a low medical category for six months, 
and the civilians forbidden any violent exertion for three months Civilians 
normally engaged in heavy work were advised to obtain lighter employment 
for the first three months 

Tuo important facts in connexion with prognosis arise from the operative 
technique and finding* Firstlj , m the majority of the laminectomies care 
was taken to avoid injury to the lateral intervertebral joints and their 
capsules, but in 35 cases adequate exposure at operation made some en- 
croachment upon the joint on one or both sides neccssar\, and in those the 
incidence of po--t-oporntivc bneknebe and stiffness, particularly in flexion. 
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wns very high (40 per cent ) Where no encroachment upon the joint was 
made an almost full range of spinal movement was present by the twenly- 
first day, and the general rate of cure was higher in the latter than in the 
former group Secondly, the variety of disk protrusion had a considerable 
bearing on the subseijuont course The finding of a sequestrated protrusion 
wns usually follow-cd by rapid recovery, whereas the finding of a medial 
bulge which had to bo removed piecemeal was followed by a much less 
dramatic improvement, if indeed any improvement took place, and was 
more likolj' followed b}' a relapse subsequently 

Disk protrusion Result of operation 


Medial 

3G 

Complete cure 

64* 

Sequestrated 

Cl 

Improved 

17 

Jlid lino 

4 

Unimproved 

11 

Extromo lateral 

1 




* Immcdmfo relief, 42 , gradual improvoraent, 22 


Of the 42 patients immediately relieved by operation all had sequestrated 
disk protrusions The remaining 11 patients with protrusions of this type 
made a full recovery withm three months of operation Two of the cases 
with mid-lino protrusions were immediately relieved, and also the one case 
of extreme lateral protrusion 

From a consideration of the results of the surgical treatment of prolapsed 
intervertebral disk one important fact emerges The only constant result of 
surgery is the relief of the symptoms and signs of involvement of the spinal 
nerve root When sjunptoms persist post operatively they are almost always 
confined to the back, buttock, and thigh Pam in the lower part of the leg 
and foot is no longer present In the 17 patients in which improvement was 
noted, the residual symptoms were of pain and stiffness in the back and 
thigh, and no complaint of pain in the leg was made This also appbed to 
those cases in which gradual improvement eventually led to complete cure 
This finding again points to the fact that the disk protrusion is only a part 
of a much more widespread pathological process of the lumbar spine Post- 
operatively, the majority of the signs associated with mtervertebral disk 
prolapse disappear rapidly in successful coses The orthopaedic signs are 
usually minimal by the time the patient is allowed out of bed, although 
some sbght limitation of spinal flexion may persist for some months Straight- 
leg raising is not usually full for three to six weeks — an indication that the 
basis of Lasdgue’s sign is not solely a question of applying tension to the 
lower spinal nerve roots Any sensory disturbance present before operation 
usually regresses rapidly and is not usually detectable three months after 
operation Tone returns to the calf and gluteal muscles rapidly, and often 
these muscles appear normal by the time the patient is allowed up, unless 
a marked degree of wastmg has been present The ankle reflex, if only 
diminished previously, usually becomes normal within a few weeks An ankle 
reflex that is once completely lost seldom returns 

In order adequately to assess the results of treatment of this kind of 
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sciatica it IS obviously necessary to keep the patient under observation for 
a verj' long period, perhaps even 10 years The result of observations of the 
present senes of cases must therefore be regarded as a preliminary survey, 
since three years is the maximum time that has elapsed since the 6rst was 
treated surgically Added to the time factor there is the difficulty of 
mamtaining contact with patients after they have left hospital Of the 
81 patients cured or improved on leaving hospital, it has been possible to 
observe 66 for penods varying from six months to three years Six of these 
patients have bad relapse with return of their original symptoms and signs 
In each of these six cases a medial ‘bulge’ has been found at operation 
Sixty patients had no relapse m the periods shown below 

6 months 1 year 18 months 2 years 3 years 

29 21 4 4 2 

AU the 25 civilians in this group returned to their previous occupations 
Of the remainder, 15 remained m the Services, the majority in a low medical 
category, and 20 were graded unfit for further active service and returned 
to their peace-time employment 

The immediate rate of cure after surgical removal of a prolapsed inter- 
vertebral disk was 69 per cent No accurate figure can be given for the 
percentage remaining cured after six months, owmg to the fact that it has 
not been possible to follow the progress of all the cases At six months the 
number that were symptom-free was in the neighbourhood of 74 per cent , 
and this figure includes those cases in which improvement was a gradual 
process Only four of the 11 cases that were imimproved were subsequently 
seen Two were somewhat better In all four well-marked signs were still 
present in the spine, but no evidence of root mvolvement was detected other 
than an absent ankle reflex m one case and a diminished ankle reflex m 
three Division of the posterior root did not seem to have any material 
effect on the prognosis 

Since the analysis of the cases hero recorded was made, Bums and Young 
(1945) have published the results of operation in 177 cases, some of which 
arc included in the present senes Their figures show an improvement 
vhich IS ascribed to the more complete removal of disk matonal in those 
patients more recently subjected to operation 

Summary 

1 An account is given of the symptoms, physical signs, and treatment of 
a number of patients suffering from sciatic pain 

“ Trauma plajs an important part m the production of an intervertebral 
disk prolapse, but has little relevance to the myofascial type of sciatica 
3 The s\mptoms of intervertebral disk prolapse may be divided into two 
stages, the stage in which pain is confined to the back, and the stage in 
nhich pain is also present in the leg Remissions are characteristic and arc 
largch independent of treatment 
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4 Tho symptoms of myofascial sciatica are less constant, but the diagncais 
from pam dno to a disk protrusion may bo impossible in the early stages of 
tho latter condition 

5 Tho characteristic physical signs of intervertebral disk protrusion are 
described Thej' fall into tiro groups, the mechanical and the neurological 
The former arc mainly duo to changes in ligamentous and fascial structiures 
in tho lumbar spine, tho latter arc due to pressure upon the nerve root by 
the disk protrusion itself 

0 Surgical treatment of prolapsed disk is by no means certain to result 
in cure, certainly not immediate cure, and in some cases it is doubtful 
whether the slow improvement which results is directly attributable to 
surgery From these results it would also seem justifiable to assume that 
rcnioial of the protrusion itself will only relieve the symptoms of root com- 
pression, tho relief of myofascial svmptoms depending upon the removal of 
other nficeted structures in tho course of the operation and perhaps upon the 
process of repair stimulated by’ tho trauma incidental to tho operation 

7 It IS the writer’s opinion that surgery should bo reserved for those 
patients in whom prolonged rest has failed to give relief or for those m 
n horn economic reasons render the prospect of a rather more speedy return 
to work desirable Further, it is considered tliat a history of pam in the 
back and thigh without evidence of root compression does not alone consti- 
tute sufficient grounds for tho performance of laminectomy’, although a disk 
protrusion may' bo found in such cases, there is insufficient evidence to show 
that it IS the primary cause of symptoms 

8 A comparison of the results of conservative and operative treatment of 
intervertebral disk prolapse leads to tho suggestion that caution should be 
exercised in recommending tho latter course In addition there is reason to 
believe that sciatica, with tho exception of the symptomatic vanety, is 
a sclf-hmiting disease, and that operation is practically speaking only a short 
cut in an otherwise tediously protracted disease 

Tlie surgeons concerned in tho operative treatment of these cases were 
Mr B H Burns, Mr R H Young, Jlr Harvey Jackson, Mr E B 0 Hughes, 
hir H L C Wood, and Mr R H Boggon, to all of whom the writer 
expresses thanks for permission to utilize their case notes and record their 
operative findings 
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FAINTING AND FLYING 

AN ANALYSIS OF 600 CASES OF IMPAIRMENT OF 
CONSCIOUSNESS IN PILOTS AND AIRCREW ^ 

By A F ROOK 

(From the Central Medical Establishment, Royal Aur Force) 

The seriousness of loss of consciousness oceumng m members of a flying 
service needs no emphasis The condition presents one of the most 
difficult problems facmg a Medical OflScer in the Royal Air Force, and one 
in which correct diagnosis and disposal is of prime importance Before the 
war a number of cases of famtmg had been studied, but they were com- 
parative!}' few The conditions of war and the expansion of the Royal Air 
Force caused a considerable increase m the number of patients complaming 
of these symptoms 


Material and Scope of the Investigation 
The senes consists of 600 patients all of whom were seen at the Central 
Jledical Estabhshment Instructions were given that all pilots and aircrew 
complaining of attacks of loss of consciousness of any sort were to be reported 
By this means the whole series was collected dunng a penod of about two 
and a half years No attempt has been made to select the cases , they have 
been collected consecutively as they attended at the Central Medical 
Establishment It is not suggested that every case occurring during the 
penod of observation has been included , m some instances the symptoms 
may have been incidental and not mentioned m the history With con- 
stantly changing personnel, some of whom may not have realized exactly 
what was required of them, cases must inevitably have been missed, 
but it IS not thought that the number missed can have been large AU 
difficult and obscure cases tend to gravitate eventually to the Central Medical 
Establishment, a fact which to some extent alters the balance of the figures 
Medical Officers of units or hospitals may themselves deal with obvious cases 
of slight character, but when temporary or permanent ‘grounding’ is likely 
the patient is nearly always referred to the Central Medical Establishment 
In most instances the patients were seen and examined personally, but in 
m} absence the papers were kept and shown to mo as soon as possible after 
my return 

All forms of sudden or moderately sudden disturbance of consciousness or 
awareness arc included, ranging from conditions of amnesia, confusion, 
transient giddiness, or dizziness to complete loss of consciousness with or 

1 ReceiNCd Jnnuorj 28, 1947 
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TTitbout convulsions Straightforward cases of vertigo duo to aural con- 
ditions or of giddiness associated with airsickness were normally omitted If 
there was any doubt ns to the diagnosis, the case was included Patients 
who had loss of consciousness imraodintoly after an accident, and due to the 
accident, vere excluded Besides a complete clinical examination, m almost 
every case a neiiropsychiatrio opinion has been available. The great majority 
of the patients had a routine X-ray of the chest and an electrocardiogram 
done In well over half an electroencephalogram was taken, in nearly every 
instance at the Centre for Head Injuries at Oxford, and reported on by 
Wing-Commander Denis Williams A number of cases were tested in the 
decompression chamber at the Royal Air Force Physiological Laboratory at 
Parnborough, nhorc blood-gas and other estimations were done In a few 
instances, t-csts for sensitivity to centrifugal forces were earned out 

For the purpose of analysis all fljnng personnel in the Royal Air Force 
have been divided into those actually flying the aeroplanes, the pilots, and 
all other members of the flying branch, navigators, bomb aimers, flight 
engineers, and others, who have been classed ns aircrew 
With such a large subject it is impossible to do more than mdicate a few 
points which seem specially to bear on classification and diagnosis 


Classification 

It IS usual to discuss sudden transient giddiness and loss of consciousness 
under two heads , those eases due to an increased sensitivity of the nerve 
elements and those associated with changes m the blood-supply to the brain 
So far as Aviation Medicme is concerned, this classification is insufiBcient to 
include all the cases seen, and it is imperative to take more account of those 
emotions and spheres of mental activity that form the highest levels of 
consciousness During flying, particularly operational flying, the vanous 
emotions, specially anxiety and fear, play so large a part that consciousness 
may bo affected with little or no apparent involvement of the nerve-cells of 
other levels or of the other bodily mechanisms Those affected m this way 
are ns much out of touch with their surroundings and with what is happen- 
ing as if they were unconscious They may perform certam automatic acts, 
but these acts are akin to those of a decerebrate ammal Some observers 
would class the attacks under the headmg of psychomotor seizures or psychic 
equivalents (Lennox, 1941), but it seems best until further knowledge is 
available to put this type of case into a separate class Thus, m the analj’sis 
which follows, three separate mechanisms are believed to form the basis of 
the pathological processes which lead to the attack Firstly, disturbances 
of the highest cortical levels , secondly, a hypersensitivity of the nerve-cells 
at a lower level leadmg either to explosive discharge or to pathological in- 
hibition , and thirdly, alterations m the quantity or quality of the blood- 
supply to the brain This classification follows that suggested by Romano 
and Engel (1946), who showed that electroencephalograph records taken 
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during actual loss of consciousness fall into three groups, the emotional type 
of fainting, the epileptic type, and the syncopal or vasodepressor type 
However much outside influences, specially those workmg through the 
blood supply to the brain, appear to be causal, it must not be forgotten that 
the essence of all loss of consciousness must be some change in the nerve-cells 
themselves, whether brought about by mechanical, chemical, or electncal 
agencies It is rarely in any given cose that only one of these pathological 
processes is at work The mterrelation of the various factors causing the 
attack IS often so complex that it is quite impossible to separate them. 
Emotion may be the trigger that unlooses an epileptic fit or causes an attack 
of syncope (Penfield and Erickson, 1941) Epilepsy and cardiovascular 
syncope appear to have a common meeting-place m the brain (Gowers, 1907) 
Attacks grade gradually from pure cardiovascular syncope to pure panic 
states Postural giddiness is usually considered certain evidence of cardio- 
vascular inefiBciency, yet Gowers has reported a case where sudden rismg 
from the sitting position mduced epileptic attacks Others have described 
cases where repeated syncopal attacks have gradually taken on an epileptic 
character, and have noted the marked tendency in epileptics to vasomotor 
instability, indicating that the Ime between fainting and fits cannot be 
sharply drawn The necessitj' of placing any mdmdual case m a particular 
group tends to obscure the multiphcity and complexity of the many factors 
vhich are almost invariably present In classification one has to try to 
estimate which factor is of predominant importance without forgetting that 
more than one has probably been at work 

Diagnosis 

One of the great difficulties in dealing with this tjqie of case is that only 
rarely is the doctor able to witness an attack It is therefore necessary to 
rely on the patient’s story, with possibly a statement from a lay witness , 
objective evidence is absent or at most slight 

Pa si history A historj of previous attacks of loss of consciousness, with 
a knowledge of the attendant circumstances, is often of the greatest value 
in diagnosis On entry to the Service each candidate for flying duties is 
questioned about fainting attacks In addition ho signs a certificate stating 
that his an‘=wcrs are complete and correct, and that he has not withheld any 
relevant information or made any misleading statements Unfortunately, 
little reliance can bo placed on the history given by the candidate at this 
time In the present senes of cases a personal history of fits or faints was 
given on entry by 25 patients , subsequent to the attack 154 stated that 
they had had fits or faints licforc joining the Service 

Psychiatric examination The importance of a psychiatric examination in 
each case cannot be over-estimated The degree of predisposition to neurosis, 
the amount of flMng stress to which he has been subjected and his reactions 
thereto, and worrj and nnxict\ apart from flying, all require investigation 
and a<^sc«mcnt From tlio<=o angles most help can usuallj be obtained in 



184 


QUARTERLY JOURNAL OF MEDICINE 

coming to a diagnosis and deciding disposal Often it is not what occors 
during an attack that is of most importance, bnt tlie circumstances in which 
the attack occurred and the mental state of the patient beforehand 
Associated factors In the ensumg analysis a number of cases has been 
separated in winch attacks of loss of consciousness have occurred in associa- 
tion with organic disease Often there seems little doubt that there was at 
least some relation botw cen the disease and the symptoms, but it is only too 
easy to asoribo an attack to some incident or pathological process to which 
actuallj it has been entirely unrelated Because a patient shows evidence 
of non o-cell hypersensitivit}' it does not mean that every attack of uncon- 
sciousness from which he suffers is necessarily due to this cause The 
epileptic may have a sjmcopal attack, the man with cardiovascular in- 
stability may sufler from epilepsy A stimulus w'hich in one may cause 
syncope may in another cause epilepsy (Brain, 1940) 

Despite uncertainty, some questions require an immediate if tentative 
answer, so that decisions ns to disposal can be made — what is the most likely 
basis of the attack, should the patient bo permanently or only temporarily 
‘grounded ’ with the hope of eventual return to flying, was this an isolated 
incident, and what is the likelihood of recurrence of the attack 7 Obviously 
the safest course would bo to ‘ground’ these patients permanently, but such 
a course, apart from meaning the loss of skilled men who have taken months 
or years to tram, may moan the sudden loss of livelihood with no other 
training on which to fall back It is ns unfair consistently to play for safety 
as it is to take risks, knowing that not only the life of the patient but of 
others may depend on the decision 

Nwnbers Of the 500 cases, 121 (24 per cent ) wore regarded as primarily 
neurogenic, 164 (31 per cent ) as primarily due to some cardiovascular cause, 
and 208 (42 per cent ) as primarily emotional in origin There was so much 
doubt as to the origin of the reraainmg 17 (3 per cent) of cases that they 
have been left unclassified 

Occurrence Tliero was considerable variation in the numbers seen each 
month , at one time during the winter of 1943-4 on an average ]ust under 
one fresh case w as seen every day (see Figure) lYith the preparations for 
the invasion of Europe there w as a marked drop in numbers, with a steady 
decrease till the end of the war with Germany It is possible that more cases 
were being missed during the latter half of 1944 and the first part of 1946, 
but it is not thought that enough slipped through to alter the shape of the 
curve materially This fall in incidence, immediately preceding and during 
the mvnsion of Europe, paralleled the fall in incidence of psychiatnc cases 
in the Royal Air Force which was noted by a number of observers It shows 
the predominatmg part that psychological influences play m the production 
of the type of case under consideration As a German General remarked 
about the campaign in Poland, ‘Men of a conquering army do not report sick 

Grading The senes mcluded more members of aircrew than pilots m a 
ratio of about 3 5 to 2, but as durmg the period m which these cases occurred 
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the general ratio of aircrew to pilots averaged 6 to 2, it seems that pilots are 
more likely to be affected than aircrew The mcidence of neurosis among 
aircrew and pilots given by Symonds (1945), 4 to 2, lies between these two 
ratios, again showing a preponderance in pilots but not quite so markedly 
Location of aitacLs The number of attacks reported as occurrmg solely in 
the air was 118, solely on the ground 263, and both in the air and on the 



The dttto ot onBet o{ symptoms in the Royal Air Force in the 600 cases of 
impairment of consciousness among pilots and aircrew 


ground 119 caecs In each group the proportion of pilots to aircrew varied 
little and there is nothing to bear out the suggestion that pilots are affected 
more in the air than are aircrew. 


Cases Regarded as Primarily Neurogenic 
The definition of the term epilepsy has troubled many generations of 
doctors and no wording has yet been universally acceptable In the present 
analysis the word is used only for attacks which are usually designated as 
idiopathic epilepsy The view here taken is that m this group the attacks of 
loss of consciousness result from disturbance beginning in the neurones , the 
excitability of the neurones vanes with different individuals and from time 
to time in the same individual In addition to this constitutional factor 
there ;s often a precipitating factor, uhich may be of so varied a nature and 
IS often of so opposing a character, that it must act by increasing the 
Busccptibihti of the neurones (Cobb, 193G) One factor which may act m 
this uftj is emotion and it is one that is of special importance m attacks 
occurnng in fl} mg personnel According to this view everybody is liable to 
epileptic attacks , m some the affected neurones arc so irritable that attacks 


occur spontancouslj or from causes so slight as to be inappreciable At the 
other end of the scale the constitutional tendonej may bo so small that the 
precipitating stimulus must be of the most sex ore nature 
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Cases Regarded as Primarily Neurogenic 
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Diagnoses (see Table I) Theoretically there is a clear difference between 
the epileptic fit, the syncopal attack, and the attack of psychogenic origin 
Practically this is far from bemg the case Epilepsy may be characterized 
not by convulsions but by flaccidity, while convulsive movements are often 
seen in syncope When occurring in syncope these convulsive movements, 
which may vary from a few twitches to comparatively violent movements, 
are too often taken as evidence that the attack is epdeptic in nature It is 
difficult to obtain figures of the incidence of convulsive movements in 
svncope, but they are far from uncommon In the Medical Research Council 
Report (1944) over 60 per cent of blood donors who famted had convulsive 
movements, an incidence very similar to that reported from the United 
States of America by Boynton and Taylor (1945) The incidence of con- 
vulsive movements in the cerebral anaemia of the Stokes-Adams syndrome 
IS high and bears a definite relation to the length of the asystole (MacKenzie, 
1918) Cowan and Ritchie (1936) stated that if standstill of the ventricle 
lasts for 1 0 seconds or more convulsions both tonic and clonic usually super- 
vene , they described three patients all of whom had convulsions, two with 
marked cyanosis, and one with frothing at the mouth , all were dazed after 
the attack Convulsions occurred in five of eight eases reported by Parkin- 
son, Papp, and Evans (1941), one patient havmg incontinence of urine 
Rosen, Kabat, and Anderson (1943) have shown, by means of a device with 
which they could almost instantaneously arrest the cerebral circulation, that 
convulsive movements invariably followed sudden stoppage of blood-flow to 
and from the brain The movements occurred after the circulation had been 
• allowed to resume and their severity and duration depended, within certain 
limits, on the period of arrest of the cerebral circulation 

In the 379 cases thought to be due to cardiovascular, psychological, or 
doubtful causes, 34 were reported as having convulsions, varying from slight 
twitching to violent struggling In nearly every instance a diagnosis of 
epilepsy vas made or vas seriously considered There can be no doubt that 
the more nearly the description of an attack corresponds to that usually 
accepted ns typical grand mal, the more likely it is to be epileptic in origin 
Yet there is much justification for Weiss’s (1940) contention that there is no 
sj mptom or combination of symptoms that occur in a grand mal attack that 
cannot nho result from cerebral anaemia The occurrence of twitching or 
eicn major convulsions in association with loss of consciousness docs not 
justify a diagnosis of epilepsy on these grounds alone 

Major idiopallnc epilepsy The number of cases thought to be definitclj* 
epileptic in origin vas 63 , there were six others vhich were almost certamR 
epileptic, but about vhich some doubt had boon expressed, making 69 in all 
Another 40 patients were regarded ns possiblj suffering from epileps\, but 
there was considerable doubt and thc\' have been included in other groups 
All except three vcrc below 30 years of age A history vas obtained of 
attacks during sleep in 1/ patients, biting the tongue in 13, involuntary 
micturition in nine, and incontinence of faeces in four In five instances the 
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attacks appeared to be related to heavy drinking, possibly the excess of fluid 
or possibly the alcohol being the precipitating factor, the attack usually 
ocourred during the night or on the morning after the excess Of interest in 
this group u ns a case of epilepsy witli a history of repeated syncopal attacks 
earlier in life 

A Flight-Sergeant Navigator aged 20 years had done 230 hours flyung, 
none of u Inch u ns operational At school he had always been prone to 
faint, at the ago of 11 y'cars he had fainted on a parade and he always felt 
nauseated and faint on hearing of injuries or wounds In 1941 he developed 
an anxiety' state after being rejected from a pilot’s course A week later he 
had a feeling of nausea, followed by an attack of unconsciousness m which 
he fell and broke his nose Two y'cars later ho had an attack with tonic 
and clonic phases and frothing at the mouth , he regained consciousness 
quioklv but was dazed for some period An electroencephalogram was 
reported as showing a larval epileptic seizure The original attacks were 
regarded as syncopal, the tw o later ones as epileptic 

Mmor idwpatlnc epilepsy A diagnosis of petit mal was made m 10 cases 

A Pilot Oflicer, aged 28 years, had done 1,500 hours flying, chiefly as an 
instructor \^niilc at the University’ he had joined the Air Squadron and 
had flow n for about two y’cars During this time he had attacks of petit mal 
at irregular intervals, sometimes a fortnight elapsing between attacks, some- 
times a dozen or more occurring in an hour He saw a doctor who diagnosed 
the condition and he left the Air Squadron He joined the Royml Air Force 
in 1941, carefully failing to answer the question about fainting attacks on 
the form of entry The attacks persisted all the time he was instructmg, but 
despite this the Chief Flying Instructor reported that be was ‘utterly normal 
in every’ respect — he is n very good and capable instructor’ The climax 
came when he took up a machine with winch ho was unfamihar, and had an 
attack lasting some seconds, recovering to find himself heading directly into 
the middle of a lake He was extremely’ frightened after this experience 
and reported sick An electroencephalogram showed larval epileptic attacks 

Single convulsive allacLs In 20 instances a single convulsive attack was 
reported In eight cases the tongue was bitten, in three there was in- 
voluntary micturition, and five attacks occurred during sleep A history of 
taking excess of alcohol was given in six cases, the drmkmg usually pre- 
ceding the attack by- several hours In one mstance the convulsive attack 
took place a few hours before the onset of an attack of pityriasis rosea , in 
another it occurred during sulphonamide treatment of gonorrhoea when a 
considerable quantity of water was being taken Epilepsy may start in adult 
life and hence the attack in question may be a first attack, but ‘ a smgle 
attack does not justify a diagnosis of epilepsy with all its attendant concern 
and anxiety’ (Gowers, 1907) 

Cerebral neoplasm Five patients were diagnosed ns having intracranial 
lesions after investigation at the Centre for Head Injuries at Oxford, but m 
no case has the diagnosis yet been confirmed 

Convulsive attach after injury occurred m 13 instances In each 
was after severe mjury du-ectly affectmg the head, fracture of the skuU- 
bones being reported in six of the patients 
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Vertigo of aural origin These cases are included in the senes as there ivas 
some doubt as to the diagnosis, and they \rere sent to the medical and neuro- 
logical departments In all nme cases the sj-mptoms were regarded as due 
entirely to the aural condition 

Miscdlantous cases One ofiBcer had a convulsive attack due to cerebral 
syphilis, and there tvere four examples of abnormal sleep states Two of 
these were thought to be cases of narcolepsy and the remainmg two were of 
more doubtful ongm 

Of the latter, one, an Instructor, disliked night fljung and got into a state 
of complete indifference even m situations which he knew to be potentially 
dangerous This indifference associated with fatigue led at times to a state 
of drowsiness, or even sleep, so that on more than one occasion the machine 
was out of control and he and his pupil m serious danger 

The other occurred in an Air Gunner aged 23 years with 250 hours fljnng 
to his credit, of which 100 hours (16 sorties) were operational His father 
was Irish and his mother French As a child he was erratic in temperament, 
unafraid, and constantly fighting He was easily aroused to anger but could 
control his temper fairl}' n ell His whole adult life was spent m a restless 
craving for excitement, but ho soon became intolerant and bored He had 
been a barman and at times drank heavil}’ He joined the Royal Air Force 
on impulse and after several months on ground uork he volimteered to 
become an air gunner After the first few trips when the novelty had worn 
off, he mvanably went to sleep during flights This began to happen on 
operational flights so that he was asleep practically the whole time except 
when over the target, and he was often asleep even there The only time he 
seems to have been fully awake was when they were being attacked by night 
fighters On one sortie it was reported — ‘ this Fhght Sergeant was supposed 
to be m the blister v etching for enemy fighters While walking along the 
aircraft I unexpectedly found him sleeping, Ijnng beside the compass I 
shook him twice but he did not wake He awoke when his face was slapped 
just as we were over the French coast on the return journey’ Caffein and 
bcnzidrinc seemed to have but little effect, and the Medical Officer reported 
that no one wanted to flj with him No satisfactory diagnosis could be 
suggested 

There was no evidence of a cerebral neoplasm in any of these cases , all 
four were of big build, being considerablj too heavy for their height 

Incidence of epilepsy among pilots and aircrew The number of cases in this 
section totals 121, of which G9 arc regarded ns due to idiopathic cpilepsi 
One cannot escape the impression that in a selected community who have 
twice been through careful medical examinations the numbers seen arc 
larger than would be expected In the general population, would a series of 
500 ca*:cs of impairment of consciousness of a like tipc in joung adults 
include so high a proportion ns over 1 in S of idiopathic epileptics > To get 
tnilv comparable figures is, however, well-nigh impossible It is probable 
that a nunilxir of minor cases of giddiness and dizziness never reach the 
Central Medical Establishment, but arc dealt with by Station Medical 
Ofiicers so that the actual incidence of epilepsy is lower than our records 
seem to show In Table II the figures for cpilepsv and ‘observation cpilcpsv’ 
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(that IS, all patients referred to the Central Medical Establishment with a 
confident diagnosis of opilcps3' or where the diagnosis, while doubtful, was 
considered probable) occurring m the whole of the pre-war Royal Air Force 
are compared w ith similar figures occurring among pilots and aircrew reported 
during 18 months when severe operational flying was taking place These 
figures show an increased incidence among the flj mg personnel The problem 

Table TI 

Comparison of ijie Number of Oases of lihopatlnc Epilepsy and ‘Obsenaiion 
Epilepsy' occurring among Pilots and Aircrew 1943 and the first half of 1944 
with the Number occurring in the whole of the Itoijal Air Force before the TTor 

TRE tVAU ROYAL AIR FORCE (ALL RANKS) 

Number of cases of opi- Incidence of cases per 
Avernpo lopsy and ‘observation 1,000 of strength 

strength opilopsj ’ per annum 

35,200 A\orngo 17 G 0 5 

59,532 43 0 7 

70,300 45 0 6 

PILOTS AND AIRCREW ONLY 

1043 40,000 C3 13 

1944 (first Imlf) 47,000 25 1 1 


Y'onr 

1032 to 1930 
1037 

1033 


bristles with difficulties, including the fact that the flying personnel popula- 
tion dilTcrcd in ago grouping from the pre-war Royal Air Force and was of 
a floating tj’pe, the pre-uar Roj'al Air Force population, while floating to 
some degree, was considcrablj’ more static There does appear to be an m- 
creaso, but how far it is significant is diflicult to say If this increase is 
really true it may well bo that the influence of emotion in causmg epilepsy 
in nppnrcntl} stable individuals is greater than is generally supposed This 
hypothesis received some confirmation from the fact that withdrawal from 
flying duties was almost invariably follow cd by cessation of attacks m those 
cases where it has been jiossible to obtain a subsequent history It would 
hare strengthened the case if the mcidence could have been shown to have 
been highest in the crews of bomber aircraft, for Symonds (1945) has shown 
that they are the most prone to neurosis Actually the highest incidence was 
in those doing flying trammg, only 18 out of 69 having done any operational 
fljnng 

One factor which certainly had an influence in the production of epilepsy 
was the frequency of hjqierventilation of emotional ongm in pilots and air- 
crew Hyperventilation may act m a number of ways in the production of 
attacks of unconsciousness, and one of these is its well-known effect m pro- 
ducing epileptic attacks This subject is discussed in its relation to attacks 
of syncope in a subsequent section 

The high incidence of epileptic attacks found in the present senes is not 
so high ns that found by Williams (1946) m 100 cases of unconsciousness, 
confusion, and amnesia m pilots and aircrew seen at the Centre for Head 
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Injunes at Oxford The pnncipal reasons for the differences are that 
Williams confined his attention to patients whose attacks occurred in the 
air. In consequence his figure for so-called vasovagal attacks is extremely 
low, for they occur infrequently in the sitting position There was also a 
natural tendency to send to Oxford patients in whom an electroencephalo- 
graphic examination might be of help, while if the chnical findmgs pointed 
strongly to a cardiovascular origin the patients were often dealt with at the 
umt or the Central Medical Establishment Williams’s cases were therefore 
highlj selected, thus accountmg for his high figure of 32 per cent for 
epilepsy 

Cases Regarded as due to Alteration in the Quantity or Quality of the 
Blood-supply to the Brain 

In the common type of syncope the mam objective finding is a sudden fall 
in blood-pressure, but how this is produced and why unconsciousness results 
is far from clear It is usually assumed that the fall is due to loss of control 
of peripheral arterial tone by the vasomotor centre Recent work by 
Barcroft and Edholm (1946) has shown that the drop in artenal blood- 
pressure IS probably due not to any loss of control, but to active vasodilata- 
tion m the artenoles of all skeletal muscles, while cardiac output and 
intra-auncular pressure are often substantially unchanged, or may even be 
increased No satisfactory explanation has been given why a drop in blood- 
pressure to a level that may be normal or usual for some people mil often 
cause a loss of consciousness Despite the sensitivity of the brain-cells to 
anoxia there seems no obvious reason why rapidity of fall is so essential to 
the loss of consciousness As older writers have pomted out, the nerve-cells 
arc bathed not in blood but lymph, and it seems unlikely that nutntional 
substances can be used up or metabolites accumulate in so short a time 
Possibly the sudden alterations in pressure within the cranium may have 
more effect than is commonly supposed It is little to be wondered at, in 
vievi of this uncertainty, that attempts to obtain objeetive clmical evidence 
of a liability to s 3 Ticopal attacks meets with so little success 

Diagnosis (see Table III). The majontj' of sj ncopal attacks are associated 
n ith an undcrh mg increase of emotional tension, and are omitted from the 
section In airmen in nar-tinic a state of nenous tension is common, in 
some the nerves may bo pcrsistcntlj taut to the last degree, so that some 
apparently irrelevant vord or sound may produce the extra pull ncccs^arj' 
to reach the breaking point Almost incMtabh* the patient mil try to 
explain away the attack as the result of some slight injury'' or indisposition, 
seeking to hide the real cause Herein lies the importance of the psychiatric 
examination, in eyerj' case of sjneope an estimate of the nervous tension 
and the stroas under which the subject is labouring should be made during 
the examination Other cases are associated yyith a lability of the vaso- 
motor sjstcm yihich maj fail to sustain an adequate floyy of blood to the 
brain in the absence of any superadded emotional clement This is spccinllj 
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likely when some factor which acts adversely on the blood-pressure, such as 
fatigue or minor infection, is also present It is these cases, where emotion 
has played but httle part, that are classified here 

Although physical efficiency tests may show evidence of cardiovascular 
inefficiency, there are many difficulties which often render the results useless 
More young adults show evidence of cardiovascular inefficiency than suffer 
from syncopal attacks , the instability may only be of a temporary nature, 
and by the time the patient comes for examination objective evidence may 
be lacking There can be no doubt that great care is reqmred before any 
conclusions are drawn from the usual type of test 

The tall, thm, underweight subject is usually considered the type par- 
ticularly liable to syncopal attacks This is borne out in the present senes, 
for 45 per cent of those in this section were more than 3 lb below their 
estimated normal weight Only 21 per cent were of about normal build, 
the remaming 34 per cent being more than 3 lb above their estimated 
normal weight In peace-time over GO per cent of fit pilots were of about 
normal build (Treadgold, 1933) It thus appears that underweight and 
overweight men are more hable to syncopal attacks than men of average 
build 

Fainting due to cardiovascular causes may anse because of cerebral 
anaemia, cerebral congestion, or because of some alteration m blood chemistry 
Cerebral anaemia associated with haemorrhage Five cases of fainting, all 
occurring on the ground, were due to this cause, m four instances as the 
result of bleeding from a peptic ulcer and m one instance from a ruptured 
spleen 

The airman who ruptured his spleen, a Wireless Operator Air Gunner, 
had before the haemorrhage been on anti-submanne patrol and felt qmte 
well dunng the flight YTien about an hour from base he extricated himself 
from the rear turret, a feat of some difficulty, necessitating forced hyper- 
cxtcnsion of the spine He walked to the wireless set and was sick without 
any preceding nausea This was followed by severe abdominal pam, sufficient 
to double him up, but he managed to carry on as they uere fl^ung through 
cloud When the machine landed the pain was better, but he fainted in the 
ambulance just ns he reached hospital At operation the abdomen was found 
to bo full of blood and the splenic artorj ruptured When he had recovered, 
investigation showed increased fragility of the red cells, and a diagnosis of 
acholunc jaundice was made 

Cerebral anaemia associated icith infection In 25 cases the attack or attacks 
of sj ncopo ucre associated with infection Three cases had active pulmonary 
tuberculosis, three latent malaria, three tonsillitis, four upper respiratory 
tract infection, two sinusitis, and two an unexplained fever The other in- 
fections ucrc of various types and included one case of jaundice, one of kala- 
arnr, and one of bacilluria It is more than likely that in some of these 
patients the infection plajed only a small part in producing the attacks or 
inn\ oven have been simpli coincidental In most instances, honover, it 
seemed to be the predominant factor 
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Otrcbral anaemia associated with heart disease Ten patients were found to 
have a heart lesion In four instances there was a valvular defect of the 
heart — two patients had aortic regurgitation, one aortic stenosis and com- 
plained of dizziness onlj' when doing violent aerobatics, and one had mitral 
stenosis The remaining six had disorders of rhythm — three paroxysmal 
tachycardia, one paroxysmal auricular flutter accompanied by varying heart 
block, one atypical bundle branch block, and one very numerous extra 
systoles All patients except one w’erc made permanently unfit for flying 
The exception vas the patient with paroxysmal flutter 

This was an Officer Air Gunner who had done over 400 hours flying, of 
which 300 were operational He began to complain of momentary attacks 
of dizziness occurring ns often ns three times in an hour, but never while 
fl3’]ng On investigation he wns found to have penods of auncular flutter 
with varying block, alternating with n regular rhythm or with occasional or 
repented cxtms^’stolcs Tlic periods of irregularity ceased in May 1943, and 
after some months of freedom from attack he returned to operational flying 
and completed another tour of operations 

Cerebral anaemia associated with jiain In seven patients the attacks were 
associated with bouts of pain, four occurring in the air and three on the 
ground Two of the cases occurnngin the nir, both in pilots, were associated 
with severe pain in the car while diving the mnehmo , one patient had 
severe abdominal pain the result of distention of gas, and one a severe pam 
in the chest, thought to bo due to a spontaneous pneumothorax, although 
no confirmatory evidence could bo found when he was X-rayed a few days 
later 

Cerebral anaemia associated with hypotension The importance to be placed 
on a finding of hxpotcnsion has always boon a matter for controversy, and 
moreover there is no general agreement ns to the exact level at which hypo- 
tension maj' bo said to begin In the Royal Air Force the lowest normal 
blood-pressure levels arc considered to be, s^'stolic 110 milhmetres of mercury, 
diastolic 70 millimetres of mercury' It cannot be too strongly emphasized 
that a single finding of hy'potension according to the standards given above 
IS comparatively frequent in young adults and probably far commoner than 
is generally imagined The incidence of hypotension found at one examina- 
tion among young adults of the 18 to 26 vears age group, given by different 
observers, vanes considerably, anything from 3 to 80 per cent having been 
reported as hypotensive In the Royml Air Force, where a standard method 
of blood-pressure estimation is in force, the figure of 12 6 per cent has been 
given (Rook and Dawson, 1938) and is one with which the present senes 
may best be compared When repeated exammations of blood-pressure are 
made the numbers showing a persistent tendency to low pressure are com- 
paratively few In the same paper it was shown that m 684 pilots only 
nine, or 1 6 per cent , showed hypotension m 60 per cent or over of three 
or more examinations done at intervals of not less than a month It is thus 
essential when considering this question to distmgmsh carefully between a 
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solitaiy finding of a slight degree of hypotension and one in which it is 
present in a majonty of a number of exammations It is only to these latter 
persons that the term hypotensive should apply Young (1941), working 
with the Dnited States Navy, has brought forward some figures concerning 
fatal accidents to candidates for naval cadetships which, if substantiated, 
would alter completely the importance to be attached to a low blood-pressure 
He reported that of 159 fatal flying accidents nearly 50 per cent of the men 
involved manifested some form of hjipotension This has not been the 
expcncnce in the Eoyal Air Force, for m an nnselected senes of 62 fatal 
fl 3 nng accidents to pilots under framing only eight (13 per cent ) showed any 
degree of hypotension, a figure to be expected in a group of young men The 
number of persistent hypotensives m all groups in the present senes was 28, 
a percentage of 5 6, winch is significantly higher than that found m the 
control group noted above, where only 1 5 per cent were persistently hypo- 
tensive, While hypotension is usually compatible with full health, there can 
be no doubt that it does mdieate an increased hability to fainting attacks 
JIany instances of successful h 3 rpotensive pilots could be given, but the findmg 
calls for great watchfulness and may well turn the scale when history or 
physical efficiency are not above criticism 

Cereliral anaemia associated tmih tindue sensiiiviti/ to centrifugal force Seven 
patients were reported to show an undue sensitivity to centrifugal force so 
that they ‘blacked out’ easily and lost consciousness Abihty to withstand 
this form of stress vanes greatly among diSerent individuals and seems to 
have no direct relation to the blood-pressure Only one of the seven cases 
was a persistent hypotensive, showing hypotension in three out of five 
examinations done at difierent times One patient with a normal blood- 
pressure, who was tested at Famborough, ‘blacked out’ at 2G and was 
unconscious at 3G Another who had had no trouble pnor to an accident 
in which ho ruptured his hver, subsequently developed considerable sensi- 
tivity, during a test he had a severe loss of consciousness at 6G This 
patient’s blood-pressure was taken on 12 occasions durmg a period of five 
lears and gave a hypotensive reading on three occasions 

Cerebral anaemia associated with fatigue Fatigue was given as the pnncipal 
cause of an attack in IS instances Usually there was a history of lack of 
sleep cither due to the urgency of operational flying or because of difficulties 
m travelling, often associated with long periods without food Three patients 
showed persistent hjpotcnsion, one giving a hypotensive reading in seven 
out of 11 blood-piussurc estimations Four others had one low reading out 
of several that were done 

Cerebral anaemia associated with heat In 16 cases the attack was thought 
(o he duo to hot, study atmospheres, either an ill-ventilnted room or com- 
partment or in the tropics One pilot set out carl\ on a cold morning from 
England dressed in battle-dress which became unbearably hot when he 
reached the Mediterranean some hours later, others complained of the heat 
in the aircraft, usually m a shut-in navigational cabin 

(Q J Jl, PetiM C2] j» 
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Cerebral anaemia associateA xoilh cardiovascular inefficiency This rather 
indefinite group was considered to include 31 cases Some of the difficulties 
in judging tiie degree of nervous tension in airmen have already been dis- 
cussed and it 18 in this group that much trouble arises The majonty had 
fainted either as the result of standing on parade or while m church or gave 
a definite history of postural giddiness In a feu eases the attack followed 
slight injury It is likely that emotion played a part in some of these 
patients, as it almost certainly did m others recorded in this section It is 
felt, however, that the part it played had not the preponderant influence 
that it had in the cases regarded ns primarily emotional m origin and 
grouped in the next section 


Cerebral congestion Loss of consciousness associated with coughing Four 
cnees occurred in which consciousness was lost after attacks of violent 
coughing One Flying Officer Pilot was sitting quietly drmkmg beer when 
he choked scvcrel}'', eventually losing consciousness during which he was 
convulsed and passed urine Another officer caught whoopmg-cough from 
his daughter nnd had a number of ‘black-outs’ associated with spasms of 
coughing. In one attack ho lost 'consciousness completely and had con- 
vulsions A third officer had coughing attacks as a result of asthma and 
chronic bronchitis and, on rare occasions, had lost consciousness completely, 
w ithout however any convulsions being reported These three patients all 
had an electroencephalogram done, which was reported as normal These 
cases are similar to those classed as laryngeal epilepsy (Whitty, 1943), but 
it IS felt that cerebral congestion was a more potent influence in causation 
than any latent epileptic tendency The question is discussed in greater 
detail olsowhcro (Rook, 1940) One further case of loss of consciousness 
associated with coughing occurred in nn officer who was being exammed m 
the decompression chamber Ho had nn attack of so-called ‘chokes’, a 
respiratory form of decompression sickness occurring at high altitudes and 
charactcnzcd by pain in the chest, cough, and shallow breathing At the 


time ho was at a simulated height of 36,000 feet 'The causes of the symptoms 
are not completely understood Some of the factors involved, apart from 
the cough, are the severe pain in the chest which may itself lead to coUapse 
and some degree of anoxia duo to spasm of the respiratory muscles m an 
attempt to ease the pam It is difficult to know where to place this case, 
but in this group seems the most satisfactory 

Atiachs associated with arterial hypertension Hypertension is a rare cause 
of fainting and dizzmess among pilots and aircrew, for the routme blood- 
pressure estimations nearly always detect the condition before symptoms 
occur, and the patient is taken off flymg In two oases dizzmess or loss of 


consciousness was associated with hypertension 

One Sergeant Air Gunner complamed of headaches and dizziness, specially 
in coming out of a dive His blood-pressure had been known for some time 
be high for his age— systolic pressure 180 mm of mercury, diastolic 
pressure 116 mm — and he was taken off flymg permanently 
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An Officer Bomb Aimer, serving m Italy, had an attack of what was 
apparently hypertensive encephalopathy causmg unconsciousness m the air 
On admission to hospital he was still in coma and the blood-pressure was 
found to be 232/132, coming down on recovery to consciousness to 150/110 
This cose has already been reported by Ironside and Batchelor (1946) When 
seen in England he had recovered completely and the blood-pressure was 
lGO/95 He returned eventually to hmited flying duties for a period, then 
to full flying 

Alterations tn blood chemistrij Disturbances m cerebral oxygensupply Undue 
sensitivity to diminished oxygen tension was seen in two cases Both were 
aircrew sergeants who had fainted while in the air at heights of about 
15,000 feet When tested in the decompression chamber both began to get 
symptoms at simulated heights which the normal subject could withstand 
easily These symptoms always occurred at about the same level, whether 
or not they knew the simulated height at which the chamber was In one 
of these two airmen tests done at the Royal Air Force Physiological Labo- 
ratory at Famhorough showed the blood-oxygen levels to be considerably 
lower than the normal at heights above 10,000 feet In neither instance was 
there thought to be any marked emotional disturbance In three further cases 
the symptoms were due to anoxia, the result of mterference with the oxygen 
supply when at height on operational sorties In one case the microphone 
froze and was rendered useless , while changing the helmet anoxic symptoms 
supervened The second patient vomited so persistently on his first opera- 
tional tnp that his mask was off for too long a period and unconsciousness 
resulted The third became panicky and, fechng suffocated, pulled his mask 
off In the last two cases, although the actual symptoms resulted from 
anoxia, the basic cause was emotional and they might justifiably have been 
included in that category The last case in this group was due to carbon- 
monoxide poisoning 

The patient was an Instructor and at the time was flying a light traming 
machine, using the hood for practising blind flying, when he began to get 
symptoms Ho had sufficient presence of mind to bale out and when landing 
suffered a fracture of the cervical spine without injury to the cord On 
cxanimation, immediately after landmg, his blood was found to contain 
50 per cent of carlioxj liacmoglobm 

Ilypoglycacmia Two eases occurred in the senes which were thought to 
lie associated with disordered sugar metabolism 

The firft was a Sergeant Air Gunner of Coastal Command who had done 
over 500 hours flnng of which 380 were operational He began to complain 
of attacks of nn emptj feeling in the stomach, tremblings, palpitation, dizzi- 
ness, and perspiration, symptoms which were rehoved by eating and drinking 
His morale uas regarded ns excellent both by the iHedical and Exeoutivc 
branches A blood-sugar curve after 60 gra of glucose showed a marked 
hx pogU cncinia, while hourly blood-sugar readings done throughout the 
morning during a normal da\ showed levels of around 40 to 50 mg of sugar 
per 100 c c It was thought that the condition might be due to a pancreatic 
legion, and Air \ icc-Mnrshal Geoffrev Keynes performed n laparotomy, but 
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nothing abnormal was found Subsequent to tho operation, for some obscure 
reason, sj^mptoms were loss but tho blood-sugar remained low A blood-sugar 
done by Professor E C Dodds showed a fasting level of 83 mg per 100 cc 
and, at half-hourly intervals, levels of 120, GG, 62, and 56 mg per 100 cc 
Tho patient uas very keen to continue flying and was allowed to do so m 
new of the good reports obtained from his unit He was warned about the 
importance of carrying food for himself, spocially on long tnps He com- 
pleterl a further operational tour without trouble oveept for rather persistent 
air sickness 

Tho second case, which was far from definite and may well have had other 
onuses, occurred in an Ollicer Pilot wdio had done 800 hours flying, 25 of 
which were operational When examined originally he was noted to have 
glycosuria and was rejected A few months later he was accepted on pro- 
duction of a certificate stating that tho glycosuria was due to a low renal 
threshold and a lag curve Three years later, while runnmg up his engme 
for testing purposes and without any idea of taking off, ho suddenly lost 
consciousness At the time he was in the throes of considerable domestic 
worry, but had undergone no fljung stress For some time he had had a 
poor appetite and was eating little He had taken no food for some hours 
prior to tho attnek, and he himself suggested that it was due to starvation 
Several months later, after he had been returned to flying, he reported sick 
with loss of weight and sugar was again found in the urine Investigation 
showed ho was now dmbotic and ho was mvalided from the Service after 
being stabilized on 14 units of insulin a day It was thought that the attack 
might have been related in some way to tlio disorder of sugar metahohsm 

Allergy Tho ocourrenco of loss of consciousness during attacks of allergy 
has been described (Wallis and Nicol, 1923), but is not a common condition 
Dewar (1941) concluded that there was a relation between allergy and 
epilepsy, but it seems probable that the former is no more than a pre- 
cipitating factor Tho method by means of which allergy produces syncope 
IS obscure Two eases, both of a syncopal type, occurred in the present 
senes, and others have been seen in ground personnel 

In the first case an Officer Pilot had complamed for some months of 
attacks of angioneurotic oedema affectmg chiefly the eyes, bps, and tongue 
The attacks were nearly always preceded by abdominal upset with diarrhoea, 
and also seemed to be related to worry During an attack of more than 
usual seventy ho fainted while going to the lavatory Gradually the attacks 
of oedema began to pass off and he eventually returned to full flymg duties 

The second patient, a Canadian Warrant Officer, had a number of attacks 
of faintmg, all associated with an nrticanal rash and sometimes swelling of 
tho face Tho rash could be produced by violent exercise and in some 
instances the attacks of fainting had been so provoked He was made per- 
manently unfit for flying 

Poisoning One patient, a Sergeant Air Gunner, drank an unstated 
quantity, but thought to be about a teaspoonfol, of Sloan’s Imiment as a 
cure for a cold Half an hour later he had a convulsive attack This liniment 
contains 20 per cent of synthetic oil of camphor (Martmdale, 1043), a drug 
which is well known as a convulsant He was made permanently nnfit for 
flying, a decision which seems open to cntioism 
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Gases Regarded as Primarily Emotional in Origin 
Diagnosis The importance of emotion as a factor m the causation of loss 
of consciousness cannot he over-estimated In war-time, overshadowing all 
other causes, disturbances of the higher levels of consciousness, particularly 
those due to fear, are the chief basis of attacks of loss of consciousness 
operating alone or through the lower cerebral levels Some airmen on 
operational work are in a state of nervous tension which may persist 
throughout the whole day, so that a stimulus which would normally be m- 
effective may easily produce sjTnptoms ‘Anxiety of mmd occasioned by the 
symptoms themselves and the subsequent prostration when the storm is 
passed are apt to keep the patient m an unduly receptive state and so prone 
to further storms’ (Ryle, 1934) 

An Air Gunner who had done 260 hours flying of which 10 were opera- 
tional, was involved in an accident as the result of overshooting the aero- 
drome A few flights later, while flying straight and level m calm weather 
on a non-operational flight, he suddenly fainted for no apparent cause 
Subsequent questionmg elicited the fact that he had become extremely 
apprehensive in the air On the flight m question he had felt physically fit 
but m a state of extreme nervous tension A sudden change in the note 
given out by the engines, due to the pilot varying the pitch of the propeUors, 
had sufficed to produce the attack. 

When loss of consciousness occurs m anxiety states the cardiovascular 
system is usually at fault, but the attack may be due to hypersensitivity of 
the nerve-cells, for convulsive attacks, presumably epileptic, may occur only 
on operational flights, being absent during routine flying or when on the 
ground It is difficult, if not impossible, to estimate accurately the fear state 
in others Some do not feel afraid in a given situation, others may feel 
afraid but have sufficient control not to show it Some are afraid of one 
hazard, such as flying over the sea, but will cheerfully accept another which 
does not involve this risk Much of the education of the child to take his 
place in life is aimed at producing control over the emotions In wnr-time 
restraint of fear often becomes of paramount importance in maintenance of 
morale in others, and so the presence of severe nervous tension may be con- 
cealed because it is the correct attitude to adopt The great majority of 
cases of fainting in pilots and aircrew are due to emotional causes, but 
whether any given case should be classed as an example of an anxiety state 
or a bother there is a hj-sterical factor of greater or lesser degree, seems of 
little practical importance If the accepted definition of hvstena is that 
there should be included an clement of motivation, albeit unconscious, so 
that gain results from the symptoms, is it hkelj often to be absent uhen 
flying ensualtics are occumng at the appalling rate that thej did at one 
point during the unr’ Is the faint in some cases the counterpart of the 
trancc-likc state of the soldier vho, unable to face his troubles, de'^erts his 
jHist ? The airman cannot desert liis aeroplane and must find another 
solution 
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In some of the cases of ‘black-outs’ and famts the distinction between 
hjstcricnl Bj-mptoras and actual mahngenng is very fine Mahngering is a 
serious diagnosis to have to make, but it is important while being fair to the 
patient to realize that others may become affected Hence an apparently 
plausible stor}' should not be accepted too readily Sometimes some trivial 
upt^et, causing a mild attack of dizziness, renders the subject sensitive so 
that he is constantly expecting and imagining further attacks , sensory im- 
pressions of which previously he would have taken no notice are magnified, 
taking on terrifjung proportions The wide overlapping of the various factors 
causing loss of consciousness of psychological ongin makes attempts at 
classification a matter of extreme difficulty Fear and anxiety are the 
elements common to the section, and the various groupings represent different 
types of reaction thereto Classification can be only loose, often unsatis- 
factory, and hkcly to portray the observer’s personal bias 

Pome stal&s Panic states occurred in 15 patients when, as the result of 
an acute fear reaction, an apparently fully conscious subject becomes com- 
jilctcly unaware of the mimediate purpose in hand and also to some extent 
of bis environment All attacks took place m the air, but four of the 
patients gave a histor}' of syncopal attacks occurring on the ground prior to 
joining the Service Some became unmanageable in the aircraft, strugghng 
with other members of the crew, some got into a trance-like state resembling 
that desenbed by Pavlov (1928), when extremely intensive external stimuU 
bring about a reflex inhibition of the motor region of the brain, similar to 
the condition of ‘ freezing ’ in animals , some carried out complicated actions 
such as firing a gun One pilot, whenever he was faced vith a difficulty m 
the air, got into a state in which his mind v ns a complete blank and for a 
period he could neither move nor think — how he managed to do 40 hours 
fl\ing without killing himself is difficult to understand 

A Polish Pilot had done some 800 hours non-operational flying before 
being posted to an operational squadron Soon after arriving at his new 
unit he had a slight collision in the air while practising formation flying A 
few dajs later o\cr France during a fighter sweep he again collided m the 
air with hm lender In a panic he turned east ignoring all radio calls, and 
was stopped only at the German frontier by his leader, who managed to 
attract his attention b\ rocking his machine and induced him to follow back 
to England 

.Iririrfi/ slate The biggest group in the senes, numbering 117 cases, is 
a«‘-ociated with anxiety and inability, to stand up to the stress of flying 
Rather o%cr half of those affected had done some operational fljing In a 
number of instances more than one factor was at work m producing the 
attacks, faliguc and nnxict\ being the usual combination The duration of 
the attacks was commonly momcntar\, but some were said to ha^o lasted 
an hour or more Some of the prolonged attacks were frankh Instcncal m 
nature, while simulation mnj, well hn\e entered the picture m others fn 
nonrh e\er\ instance several attacks were rci>ortcd. 



202 


QUARTERLY JOURNAL OF MEDICINE 

Some patient«) referred thoir symptoms to the stomach or other viscus, 
and nssooiated the dirzmcss or loss of consciousness with the supposedly- 
diseased organ. Ono airman with a cardiac neurosis referred his symptoms 
to the licnrt, another with fibrosis of ono lung, about which ho was anxious, 
had symptoms at height, although, when ho was -tested in the decompression 
chamber, Ins blood-oxygen saturation was shown to bo normal for the height 
in question Symptoms commenced in a number after c-xporiencing ‘blaoking- 
out during a tight turn , this Iiad frightened them undufj"^ so that symptoms 
recurred as the result of anticipatory an-xiety during the gentlest turn 
Anxidij after stress In 49 instances tho attacks of fainting were stated to 
be related to some severe stress — in 34 cases to a crash of some seventy, 
and in the remainder to frightening experiences with anti-aircraft gunfire, 
enemy aircraft, or tho like At least 15 of these patients were regarded as 
predisposed to neurosis, and it is likely that tho crash or unpleasant expen- 
cnee was tho terminal factor in a commencing anxiety state 
Anxiety associated with hyperventilation Increased respiration rate, with 
or without actual hj'pcrvcntilation, duo to emotional causes is a condition 
which has long been knoun to occur m tho hysterical typo of patient As a 
result of tho experience gained in tho recent uar it has been surmised to be 
of frequent oeourrcnco m julots and aircrew engaged in operational flying 
Exactly how frequent it is is unknoum, for an increase in breathing to 
double the normal ^olumc is scarcely observable (Henderson, 1938) The 
symptoms are due largely to alkalosis, although other factors are at work, 
specially when an oxygen mask is nom Tho symptoms include giddiness, 
lightheadcdncss, and faintness Tho importance placed on this factor by 
different observers vanes from a belief that it forms tho basis of many attacks 
of loss of consciousness of emotional origin to the concept recently enunciated 
by American workers that syncope due to peripheral circulatory collapse is 
not a normal component of tho hyperventilation syndrome As MoCance 
(1932) has pointed out, individuals differ greatly m their susceptibihty to 
the biochemical changes which occur, some get symptoms -with so httle 
ovcrbrcathing that it is hardly noticeable, in others symptoms occur only 
after nearly an hour of overbreathing Hence, although evidence of hyper- 
ventilation can often be obtained from a patient or from witnesses, it by no 
means follows that this was the sole factor in causmg the symptoms Engel, 
Ferris, and Romano (1945) have pointed out that while hjqierventilatioii 
may not of necessity produce syncope, it may provoke symptoms mdireotlv 
by means of at least five different mechanisms The two most important of 
these are the production of s-^mcopc in anxious patients who are made more 
anxious stdl by the subjective symptoms due to the overbreathing, and the 
cumnlative effect of overbreathing on an already unstable circulatory system 
A historj' suggestmg that hyperventilation had played a major part in the 
production of symptoms was obtained in 16 patients 

In one case, a Sergeant Air Gunner on his first operational sortie felt 
sleepy on reaching 20,000 feet and asked for more oxj'gen to be turned on, 
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after which he felt better Soon after he saw flares and anti-aircraft shells 
bursting for the first time, he became dizzy and the pilot thought that he 
sounded as if he were drunk It was then reported that he lost consciousness 
and, although he regained it momentarily on several occasions, he remembers 
nothing definite until the machme was over the Enghsh coast On gettmg 
out of the aircraft he felt shaky and was white, but the Medical Officer found 
nothmg on examination except that he was breathing rapidly Ten hours 
later the hyperpnoea was still marked and it was noticeable on the following 
day The attack was emotional in ongm, but whether the increased breathing 
played a part m the production of the symptoms it is impossible to say 

Sirmilahon The dmding-lme between attacks due to emotion with a large 
hystencal element and frank raahngermg is very difficult to assess In 
practice, although it may seem certain that symptoms are being simulated 
or grossly exaggerated, proof is almost impossible Often the man is ob- 
viously of poor morale, and the impression gamed from the history^ and the 
reports from his Commanding Officer and Medical Officer add confirmation 
of the nature of the attack In some instances an origmal attack was pro- 
babl}' genuine, but the account is exaggerated and subsequent attacks are 
simply imagmary Most members of the Plymg Branch know full well the 
seriousness with which attacks of unconsciousness are viewed by the Medical 
Department and reabze that it is one of the easiest ways to escape flymg 
duty Some considerable degree of motivation was thought to have occurred 
m 11 cases, uliile it was almost certainly present m others, but as there was 
some doubt they have been placed in other groups Only three of the 11 
had done any operational flying and only one of these had put m more than 
30 hours of operational work In most of the cases the history was extremely 
vague and often inconsistent Tno patients when bemg examined attempted 
to falsify the results of medical tests, two others acknowledged havmg taken 
a violent dislike to flying In tuo further cases the symptoms were probably 
being simulated to cover a gross error of judgment 

One of these, a pilot of some experience, after a short period in the nir 
during a training flight, attempted to land without letting his undercarriage 
dowm on the urong runway of a satellite aerodrome when he should have 
landed at his parent aerodrome He said ho felt hazy and dazed following 
a * late night ’ and that he had inadvertently pulled the wrong lever There 
u ere no objective sy mptoms of fatigue when he u ns examined after landing 
and he was apparcntls quite well The electroencephalogram was normal 
Ihe L\ccutivc report uas very bad and the crash was put doun to laziness 
He uns seen fi\c months later and in the interval had had no trouble 
physically The Executive report was again bad The symptoms u ere almost 
certninlv simulated, in order to cover a crash due to his own stupidity 


Ca^c^ of Doubiftd Origin 

There is so much intcr-rclntionship between the various factors associated 
Mith loss of consciousness that, even with the uidcst generalizations, indi- 
\ idunl cases will cause doubt In 17 of the cases it was felt that the c\ idcncc 
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was so doubtful that no diagnosis could be made It is probable that most 
of these cases belonged to the emotional group, but there was often con- 
siderable difference in the opinions expressed 

One Officer Air Gunner complained that for a number of years he had 
had attacks of ‘a far away feehng’ in which he felt confused for several 
minutes He had not disclosed these symptoms on entry into the Service 
His unit Medical Officer thought that he was a mahngerer, one neuro- 
psychiatrist favoured epilepsj', a second early Meniere’s disease The oto- 
rhino-laryngological specialist disagreed with the last opinion The patient 
was an anxious worrj ing type who had developed a mild anxietj state after 
his first tour of operations and his symptoms were probably emotional 

The ehciroenccpltaJogravi The exact value of the electroencephalogram in 
cases of the type under discussion has not a et been completely determined 
Until more evidence is available the correct attitude for the climcian has 
been indicated by Gibbs (1 943), ‘ The electroencephalogram is now entenng 
its statistical phase when large senes of normals require investigation 
A positive or negative electroencephalogram is only suggestive but it may be 
higlilv suggestive ’ A note of warning on a too liberal interpretation of the 
value of the electroencephalogram has also been sounded by Williams (1944) 
One fact alone is enough to disconcert the chmcian, namely, the number of 
occasions when records taken at intervals of a few months show marked 
changes in the results There can be no doubt that the tendency of some 
ob'cn'crs to make the diagnosis of epilepsy too embracing is both unscientific 
and unfair to the patient Epilepsy, at any rate so far ns the Service is 
concerned, is a diagnosis that should be made with the same circumspection 
ns a diagnosis of pulmonary tuberculosis In both there arc social impli- 
cations and a high degree of certainty is necessary before the label is applied 
It IS essential therefore that too much weight should not be put on a positn c 
electroencephalogram when the clinical evidence does not point the same 
wn\ An electroencephalogram was done in 299 of the 500 cases and the 
results arc tabulated in Table V The icportshavc been classified under four 
headings 

+-^ when the report indicated the presence of larval attacks or was 
strongh suspicious of cpilepsj 

+ when the report stated that the record pointed to an epileptic basis for 
the attack 

X w hen the report recorded an abnormalitj , Imt one that w as not suggestu c 
of cpilcpsj , and 

Isoriiml 

Changes m the electroencephalogram result's, when the examination was 
repentcil after a period iisiialU of a few months, occurred in 11 ca'-es In 
hie instance'- the first fleet roonccphalograin was reported ns showing c\i 
deuce of an epileptic basis for the attack . while a second was reported ns 
normal In two instances a positive record was obtained at the first cxnmi- 
imtioii while at a second examination the record, while abnormal, did not 
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suggest cpilopsv as a basis for tbo attack In one instance an abnormal 
record winch did not suggest epilepsy was obtained at the first examination, 
but at a second examination a normal record was obtained In two cases 
the first record was normal ’ll bile a second record pointed to epilepsy, m 
one case a first record was normal while a second record was abnormal but 
did not point to epilepsy 


Comvxcnl 

Certain important practical points oincrgo from the analysis of the cases 
studied here which shows that in war-time this typo of case is a serious 
source of wastage, for 325 of the 500 cases (C5 per cent ) had to be perma- 
nently removed from flying duties 

Hislortj Even allowing for mistakes, it is obvious that the relevant history 
obtained from candidates on joining the Service is often valueless The 
inaccuracy’ of the history' giien by the candidate himself is due to at 
least two reasons — a desire to suppress facts which ho feels may adversely 
aflcot the decision of the Board and a lack of knowledge or understanding of 
some of the occurrences of his past life and family' history' The fact that 
a relative is in a mental hospital or is an epileptic is often hidden from the 
children of a family Similarly' the importance of attacks of fainting in 
early life may' easily have been minimized so that snob incidents really have 
been forgotten A partial solution would be for a near relative, preferably 
the father or mother, to accompany' each candidate when he appears for 
selection, as has been suggested by Symonds (1946) A relative is more 
likely to bo able to give, and also to bo willing to give, a proper history 
The history, the most important single factor in the examination, is often 
inadequately' taken Besides giving information that can bo obtamed m 
no other way, it gives an insight into the psychological make-up of the 
candidate winch can bo of tlio greatest importance There should be suffi- 
cient medical stuff and the examination arrangements should be so organized 
that there is adequate time to investigate fuUy any clue which might lead 
to some important finding It is useless to spend ranch time on psychological 
and other tests of doubtful value when time to take a proper history is 
lacking 

Boutinc ehctroenceplittlogram The advisability of doing a routine electro- 
encephalogram on all candidates for flying duties has been suggested, but is 
considered to be of doubtful value (Wilhams, 1946) It would, however, 
seem worth while in any candidate giving a history of one or more faintmg 
attacks The combination of such a history and an abnormal electro 
encephalogram weighs so heavily ngamst a candidate that everythmg possi 
bio should be done to eliminate these mdividuals before traimng commences 

Disposal There can be little argument about the disposal of pilots or air- 
crew who have had two or more recent attacks of loss of consciousness 
Immediate prohibition from flymg is the only course, either permanently or 
at least for many months, unless the cause is known and is removab e 
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matters not at all -whctlier tFe attacks are nenrogenic, syncopal, or emotional 
in nature, they are equally dangerous in the air The chief difficulty arises 
when a single attack has occurred or when, after several months or years of 
freedom from any tendency to famting, there is a single recurrence Usuallv, 
when epilepsy is not m question, no harm can come from delaying the 
decision for a few months if the patient is taken off flying duties and watched 
carefully in the interval The question is often posed, would you hke to fly 
as a passenger with a pilot who has had a single attack of loss of conscious- 
ness of doubtful origin’ Obyiously if the companson is with the pdot of 
similar erpenence and carefulness, there can be no doubt as to the choice, 
but if the patient m question has had only one attack, if he has been 
watched for six months or more without any sign of recurrence, and if he is 
a good and careful pilot with many flymg hours to his credit, it might well 
be safer than flying with a less-experienced pilot 


Summary 

1 Five hundred consecutive cases of impairment of consciousness among 
pilots and aircrew have been classified into three groups, neurogenic, cardio- 
vascular, and emotional 

2 The three groups are ill defined and merge into one another, so that it 
IS often difficult to say nhich is the predominant factor in any given patient 
In 17 instances there was so much doubt that classification was impossible 

3 The neurogenic group comprised just under a quarter of the total, 
about half of them cases of epilepsy The influence of fear as a causative 
factor of epileptic attacks seemed to be of more importance than is commonly 
supposed 

4 The cardiovascular group comprised rather over a quarter of the total 
It uns made up of a number of small groups m which cardiovascular m- 
cflicicncy was the mam clement, either acting alone or in association with 
infection, fatigue, or with poor reaction to raised temperatures 

6 Tile importance of hypotension in relation to aviation medicme is 
discussed ^^^llle considered to be no certain bar to flying duties it is an 
indication for caution 

C Rather under half of the cases were classified ns emotional m origin, 
ranging on the one hand from the acute panic states to hj’stcrin and 
simulation on the other 

7 An electroencephalogram was done on 299 of the patients In the neuro- 
genic group nearly 60 per cent of the electroencephalograms pointed to on 
ciuleptic bn<5i8 for the attack , m the other groups 15 per cent were posituc 
A cliango in the electroencephalogram when repented occurred in 1 1 instances 

8 Tlic importance of obtaining a full history in nil candidates for flying 
duticc IS fitrc'^ed 

9 llnotj decision m recommending withdrawal from flying duties is to be 
deprecated In ninn\ instances a period of observation in a 'ground 
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category’ docs no harm, may assist in nrnving at a definite diagnosis, and 
inaj eventually allon a return to flying 

The greater part of the nork on which this analysis has been based vas 
done by the oflicers nho uorked at the Central Medical Establishment 
during the latter part of the war and to all of these I am deeply grateful 
111 particular I should like to thank Air Commodore H L Burton with 
M horn I have discussed the subject many times both before and during the 
war, Wing Commanders N S Alcock and K Latter for special help from 
the neuropsychiatric point of view, Wing Commander D Williams for help- 
ful criticism and for assistance over the clectroencephalographic side of the 
analjsis, and Sq^iindron Leader W K Stewart of the Royal Air Force 
Physiological laboratory for help with decompression and ‘black-out’ tests 
1 should like also to thank the airmen and airwomen of the office stafi, 
especially Warrant Ofiiccr J A Pntchett, Sergeant J R Dean, Ckirporal 
G G James, and Corporal J S Young w'ho have done so much to ensure 
that no cases should be missed and that medical records and documents 
should always be available for study 
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AN OUTBREAK OF SE^TERE INFECTIVE HEPATITIS 

IN BURilA^ 

By J F stokes A^D A A MILLER 
With Plates 5 to 10 

OsE of the few redeeming features of a war is that it provides an oppor- 
tunity for the study of some diseases less frequently encountered under 
conditions of peace The fact that the exploitation of this opportunity to 
the full is so often hampered by the hurry of operational service has not 
prevented considerable additions being made to our knowledge of various 
diseases, including infective hepatitis This malady has long been recognized 
as essentially a railitar}' disease, the SoIdatcnLranUmt of the Germans, the 
jaunissc de champs of the French (Lucke, 1944) The new knowledge gamed 
in respect of infective hepatitis in the 1 939-45 War has fallen largely under 
three heads — a greater understanding of its epidemiology, the sure recog- 
nition of homologous serum hepatitis as a closely allied if not identical 
condition, and the better appreciation of the pathological processes at work 
in the terminal stages of the disease Luckd’s (1944) admirable analysis from 
the pathological standpoint of 125 fatalities has provided the greatest 
advance in the last direction Experience of 64 fatal cases of mfective 
hepatitis m South East Asia between 1944 and 1946, over half of which 
occurred in a sharp outbreak centred on Rangoon, leads to a broader con- 
ception of the chnical pictures which may be produced and contributes 
further to the clarification of the pathological processes involved, particularly 
in short-lived cases, which are but rarely observed 

Hepatic necrosis is veil known as an occasional comphcation of infective 
hepatitis, but its occurrence has not often been sufficiently frequent to 
demand a great deal of attention (Cockajne, 1912 , Wilson and Goodpasture, 
1927, Bergstrand, 1930, Cullman, 1939, Wang, 1945) In the American 
Civil War 231 fatalities m 52,429 cases were observed, and the mortalitj 
rate amongst Bntish and Indian troops in Mesopotamia during 1914-18 was 
0 4 per cent (Hurst, Barber, Knott, and Ross, 1941) The German Na\y 
showed a death-rate of 0 13 per cent between 1919 and 1929 (Lucke, 1944), 
and Bergstrand (1930) rcjiortcd 95 deaths m the Scandinavian epidemic 
Mortalitj m Finland was recorded by Wallgren (1930) as 0 34 per cent , and 
in Sweden by Selandcr (1939) as 0 2 to 0-4 per cent In the recent war, 
Cameron (1943) has reported no deaths m 250 cases m Palestine, Gordon 
(1943) no deaths in lOS ca'cs m the Middle East Forces, and van Rooj’cn and 
Gordon (1942), from the Mediterranean Expeditionarj Force, concluded 

> Rccencd Mnrcli 24. 1047 
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that, despite its high morbidity, the mortality rate from mfeotive hepatitis 
was negligible Findlay, Martin, and Mitchell (1944), however, reported 
a death-rate of 0 2 per cent from West Africa, and Luck6 (1944) has studied 
126 deaths in the American oiitbrcalc , these were from o very large senes 
and represent a mortality rate of 0 24 per cent The overall death-rate in 
the Central Mediterranean Forces is estimated at 0 2 per cent On the other 
hand, rales of 2*4 per cent m Bravihan natives (Fox, Manso, Penna, and 
Pflr/i, 1942) and 3 0 per cent in Africans (Oram, 1945) have been observed, 
these have m each instance been correlated mth dietary deficiency. 

No detailed figures are available for death-rates m the Far East, hut 
oxponcnco in the four main hospital centres in Assam and Bengal suggests 
that it was approximately 0 16 per cent m 1944-6 In South Burma from 
July 1946 to January 1940 the mortality rate was 2 0 per cent, though 
there was onl5'’ one fatal case (0 16 per cent) in North Burma over the 
corresponding months It may bo pointed out that South Burma difiers 
from North Burma not only m its administrative control, hut also m its 
climate which is hotter and more humid The dividing hnc between the two 
areas is somctliing more than an arbitrary military boundary 

Many reports of outbreaks of infective hepatitis have appeared as a 
result of the War of 1939-45 (van Rooycn and Gordon, 1942 , Cameron, 
1943, Gordon, 1943, Havens, 1944, Spooner, 1943, Jayawardene, 1945, 
McFarlan, 1945) The addition of another would be without value were it 
not for the fact that it records two unusual features, firstly a higher 
mortality rate than is usually recorded, and secondly a high proportion of 
deaths in the early stages of the disease 

The Outbreak tn Burma 

There were 24 fatalities in 1,200 cases of infective hepatitis m South 
Burma between 1 July 1946 and 31 January 1946 These have been analysed 
etatisticallj' Ten more occurred between 1 February and 30 June 1946 Of 
these 34 cases, 23 have been personally observed and 11 have been assessed 
on autopsy spcoinions, consideration of their records, and discussion with 
those under whose care they died Dunng this period four other cases of 
infective hepatitis were in coma for over 48 hours, but ultimately recovered 
The distribution of deaths by months is shown in Fig 1 

OeograpJncal dtslribution In deoidmg the place at which the disease was 
contracted it is necessary to know not only the man’s previous movements, 
but also whether there was any possibibty of his jaundice bemg due to 
homologous serum hepatitis rather than epidemic hepatitis, smee the in- 
cubation period for the former is longer While it is realized that a history 
of having had an injection of arsenic or penicilhn or an infusion of blood or 
plasma does not necessarily imply that subsequent jaundice is due to homo- 
logous serum hepatitis, aU patients in whom there was a history of mjeotions 
were allowed an moubation period of up to five months Those patients 
who were unquestionably suffering from epidemic hepatitis were allowed an 
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incubation penod of up to six -weeks T-wenty-t-wo out of 34 cases (65 per 
cent ) apparently contracted the disease in Rangoon 

Racial incidence Of the 34 fatal cases, seven -were British, 17 Indian, 
nine African, and one Japanese Apart from one British officer all these 
were other ranks 

Population at risk The troop strengths m Burma between July 1945 and 
January 1946 are shown in Table I That the case mortality had risen to 
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Fia 1 Jlonthly occurrence of onset of disoaso in fatal 
coses of intootivo hepatitis m South Burma 

Table I 

Troop Strengths tn North and South Burma 



South Burma 

North Burma 

All Burma 

July, 1046 

172,600 

07,100 

239,000 

August 

214,600 

04,600 

279,000 

Septomber 

103,300 

02,300 

266,600 

Ootobor 

167,000 

63,700 

221,000 

No\ ember 

161,300 

08,700 

220,000 

Docomber 

147,100 

66,000 

203,000 

Jnnunrj, 1040 

144,800 

01,800 

200,600 


Total 

1,200 

24 

24 00 


a statisticallj' signiCcant c-ctent from Julj' 1946 to Jnnuarj' 1946 is shown 
bv the following data 

Julj Aug Sept Oct No\ Dec Jan 
Casc<! in South Burmn 327 20G 141 ICO 121 OD 80 

Death-: 2 1 5 2 3 3 s 

Ilxjiccted deaths 0 54 5 32 2 82 3 20 2 42 1 98 1 72 

Grouping these figures to ha\c at least five deaths in each cell, shows— 

Jul> Aug Sept -Oct Xo\-Dcc-Jon Total 

Denihs " 1 7 14 24 

Bxpected death-: C 54 5 32 0 02 0 12 24 00 

I'or this table, is IG 9GG and with three degrees of freedom P is less 
than 0 01 Thus the probability that the rise in dcatii-rato could have 
ocoiUTcd by chance is less than 1 in 100 
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If comparisons nre to bo mndo with otlior recorded death-rates, the highest 
mortniitv m nny way analogous is that of 0 4 per cent m mixed British and 
Indian troops m iMesopotamia during 1014-18 (Hurst, Barber, Knott, and 
Ross, 1041) The proportion of Indian to British troops in the latter epidemic 
was approximutelv 1 5 to 1, and in Burma about 2 to 1 The mortality rate 
in Burma was 2 0 per cent The standard error of the difference between the 
proportions of 2 0 and 0 4 is 0 42 The actual difference is 1 G, which, being 



Fia 2 Monthly incidcnco of infective Fio 3 Monthly mortality rate from 

hepatitis m North and South Burma infcctiv e hepatitis m Burma 

nearly four times the standard error, is significant It will be seen that 
while there was a steady diminution in numbers of troops both in North 
and South Burma, there was no massive southward movement of troops 
which might have accounted for the number of fatal cases observed m 
South Burma Though detailed figures for February to June 1946 are not 
to hand, the total number of troops continued to fall slowly 

Incidence of infective hepatitis in population at nsL The rates per 1,000 m 
North and South Burma nre shown m Fig 2 It is seen that the moidence 
of infective hepatitis fell steadily m both areas, a little faster m the North 
than m the South The autumn nee and winter peak, which might have 
been expected from experience of other epidemics, did not occur 

Mortality rates The monthly mortahty rates in North and South Burma 
are shown m Fig 3 

Clinical Features 

The most striking feature of the outbreak was the swift clinical course 
pursued by many of the cases In Luokd's (1944) senes there were no 
patients who died within 10 days of the onset of symptoms, and he stated 
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‘ So far as I have been able to learn from the literature, no one has ever seen 
the earliest stages of this disease, which rarely terminates in its most acute 
stages ’ A War Office Medical Department Bulletin (1042) stated that death 
15 rare in the first two or three weeks of the disease, and this has been the 
general experience, though Wood (1946) recorded eight cases dying within 

Table II 

Duration of Disease in Fatal Infective Hejiatitis in Burma 


5S than 10 dav-s 

7 cases 

10 to 

19 

tt 

14 „ 

20 „ 

29 


3 

30 „ 

39 

tf 

1 case 

40 „ 

49 


2 coses 

60 „ 

69 

»» 

0 case 

00 „ 

09 

It 

0 „ 

to .. 

79 

99 

1 

80 „ 

89 

99 

1 .. 

80 „ 

99 

99 

1 .> 

100 „ 

109 

tf 

0 „ 

110 „ 

119 

ft 

1 


Indotorminato 3 cases 


Total 34 


Table III 

Duration of Pre-Iclenc, Intermediate, and Final Phases in Fatal Infective 

Hepatitis in Burma 

Prc-ictcnc phase Intermediate phaso Fmal phase 


0 to 4 doj-B 

16 cases 

0 to 4 days 

14 cases 

0 to 1 day 

6 cases 

6 ,, 9 ,, 

^ ,, 

6 9 

t9 

6 

tt 

1 „ 2 days 

14 

It 

10 14 „ 

6 

10 „ 14 

tt 

2 

ft 

o n 

^ 99 99 

0 

ft 

16 „ 19 „ 

o 

** »» 

16 „ 19 

tt 

3 

99 

3 „ 4 „ 

4 

ft 

Over 19 „ 

1 case 

20 24 

ft 

0 cose 

Over 4 „ 

2 

99 

Indotorminato 

3 coses 

26 „ 29 

9 

1 

»» 






30 „ 34 


0 

» 






36 „ 39 

»* 

1 

tt 






Over 39 

*• 

4 cases 






Indeterminate 

3 

tt 




Total 

srr 

Total 

"34" 

99 

Total 

sr 

99 


10 days, these were probablj' examples of homologous scrum hepatitis, 
which often carries a worse prognosis than epidemic hepatitis 
The total duration of the disease in the present senes is shown in Table II 
1 he three casts of indeterminate duration consisted of one man whose pre- 
senting simptom was coma and from whom no historv could be obtained 
and two longstanding cases of doubtful duration Of these fatal cases 
20 G per cent died in the lirst 10 days of the disease, and G1 8 per cent 
within the firot 10 dn\s It is of interc-t to note the lengths of the pre- 
icterie, intermeibntc, and final phases Tlic prc-ictcnc phase is the penod 
from the fir-t onset of simptoms to the development of jaundice, the final 
phase from the occurrence of the firft clinical suspicion of a fatal outcome 
(as Will lie seen later, thus docs not necessarily imph the onset of coma) to 
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dcatli, and tlio mtcrmcdmto phase from the end of the pro-ictcno phase to 
the beginning of the final phase (Table lU) These arbitrary subdivisions 
have been used by Luck6 (1944) and they are recorded here to enable easy 
comparison witli his senes Oiir figures cmphnsi70 tivo points Firstly, there 
was a short intermediate phase in many cases On seven occasions clinical 
jaundice did not occur till the onset of the final phase or shortly afterwards 
If the final plinso began at night and was complete before daylight, jaundice 
was first visible on the autopsy' table Secondly, there w'ns usually a short 
final phase, to 'n’hich attention has already' been called (Stokes, Owen, and 
Holmes, 1945) In the five cases with a final phase of less than one day, the 
duration was 2, 4, 15, 20, and 22 hours 

Symplomatology Jaundtcc Jaundice was often absent in the short-lived 
patients until a few hours before death, and w ns absent throughout in two 
cases The longer-lived patients were invariably' deeply jaundiced 

Abdominal distension This was somotimas considerable in the longer-hved 
cases and w ns not alvray s entirely duo to ascites, for it could be partially 
relieved by cnomata and the passage of a flatus tube The gaseous fraction 
of the distension could bo correlated with the presence of phlegmonous m- 
fiammntion of the gut 

The liver The liver was palpable m the pre-ictenc phase m eight of 
34 cases, in the intermediate phase m 10 of 34, and in the final phase in two 
of 34 This IS less often than was found in Luclcd’s (1944) scries and is a 
reflection of the higher proportion of cases running a short course The two 
cases in which the liver was palpable in the final phase were both of long 
duration, and attempted regeneration of hepatic tissue was a marked feature 
at autopsy' The liver was, ns a rule, not to bo felt in the final phase and the 
liver dullness receded and sometimes disappeared very quickly Attempts 
to forecast the size of the liver from the extent of hver dullness usually 
failed This was thought to bo duo to the reduction m dullness bemg the 
result of a falling away of the liver from the abdominal wall as much as an 
absolute shrinkage in size Prigoson and Gordon’s (1942) contention that a 
diminution in size of the liver may' be the first sign of the onset of acute 
hepatic necrosis was not supported by the present senes , m the absence of 
other signs it is ns likely to presage recovery as deterioration 

Ascites Ascites was clinically demonstrable in eight of 34 cases It was 
usually gross, had the characters of a transudate, and was always associated 
with those who lived longest 


Case 2 Pioneer B S , Indian, aged 34 years, developed anorexia, abdommal 
pain and vomiting on 1 July 1946 and became jaundiced on 6 July Liver 
and spleen were palpable On 14 July he complained of much fli^ulraM 
w’hich was reheved by an enema Ascites appeared on 17 July He ha 
severe hiccup on the evemng of 22 July, became restless and a httle confused 
during the night, went into coma, and died the following mormng Serum- 

Tirntnms were 4 46 gm per 100 c c , 

^ Autopsy Ten pmts of clear bile-stamed asoites A smaU nodular hver, 
deeply bile-stamed, whose histology showed regenerative nodules and proh- 
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fcrating bile ducts with no normal liver tissue There was phlegmonous in- 
flammation of the first part of the duodenum, terminal siv inches of ileum, 
ascending colon, hepatic flexure, and four inches of descendmg colon There 
were subpencardial and subpentoneal haemorrhages The pancreas nas 
harder than normal and showed acute inflammatory changes on section 

Oedema Oedema was observed in six of 34 cases Five of these cases were 
among those who showed ascites Oedema was present in the lower limbs m 
all SIX cases, but occurred in the upper hmbs as well in three 

Case 6 Pioneer R C , Indian, aged 40 years, developed anorexia with 
fever on 7 September 1945, later became jaundiced, and had a liver palpable 
two fingersbreadth below the costal margin He recovered his appetite, but 
the liver remained palpable and his jaundice did not completely clear. 
Jaundice began to deepen on 24 October, the hver became smaller and was 
not palpable on 4 November The abdomen became distended on 13 Novem- 
ber and ascites was present, there was also oedema of both ankles On 
16 November he was dronsy and incontinent of unne, ascites was con- 
siderable He was comatose on 19 November and oedema was present in 
both forearms and hands He died early on 21 November 

Autopsj’ Three pmts of clear bile-stained ascites Liver weighed 
1,100 gm and showed changes of subacute necrosis 

Temperature The temperature was raised in IS of 34 cases m the pre- 
ictcric phase up to a maximum of 101° F , in four of 32 in the intermediate 
phase to between 99° and 100° F , and in 12 of 32 in the final phase up to a 
maximum of 107°F Tlie temperature in the intermediate phase represented 
a delayed fall from the pre-ictcnc phase Once the initial fever had sub- 
sided, the temperature did not rise until the termmal hyperpyrexia 

Haemorrhagic signs Six patients had haemntemesis, three bled from the 
gum®, two had petechiae and purpura of the skin, one had subconjunctival 
haemorrhages, one bled into the ascites, and one presented with a severe 
cpistaxis 

Case S Leading Aircraftman P , British, aged 23 years, had a severe 
cpistaxis which demanded transfusion on 22 October 1945 After recovery 
from tins he admitted to anorexia and abdominal pain for three months 
The liver was easily palpable four fingersbreadth below the costal margin 
There was slight jaundice on 16 November, a recurrence of epistaxis on 
23 November, and bleeding from the gums on 1 December The bleeding 
was not controlled by parenteral vitamin K or blood transfusion, and evert 
injection was followed by a large ccchtmosis There was transitorv oedema 
of the ankles At this stage scrum -bilirubin was 4 mg per 100 c c He began 
to go downhill on 11 December Jaundice deepened (scrum-bilirubin 15 mg 
per 100 c c ), the liver became smaller, ascites developed (scrura-protcins 
5 1 gm per 100 cc), and on the same evening he became stuporosc and 
passed into muttering dchnuni He died carh on 12 December 

.\utopsy A small liicr showing great loss of parenchtma, massive bile- 
duct jirolifcration and isolated groups of regenerating liver cells There were 
Kiibjicricnrdial, bubendocardial, pulnionnri, , subscrous jejunal, and subcapsulnr 
renal haemorrhages 

N<n-ou-t iigns These were confined to the final phase and occurred in 
c\cr\ case in the senes The final phase was itshercd in by the occurrence 
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of nervous or ps\ chological changes varying from minor behaviour changes 
to tho dramatic onset of coma ivithin the space of a few minutes A minimal 
change in behaviour might precede the onset of coma by as long as 24 hours, 
particularly in tho longer-lived cases In one case the behaviour change was 
so pronounced that, in tho behoved absence of an}' signs of organic disease, 
he was admitted to tho psj'chintric ward of a hospital 
Tho frequency of tho first sign of deterioration is shown m Table IV 
Coma ensued in over}' case Eight patients showed violent delirium durmg 


Table IV 


Sig7is of Onset of Final Phase in Fatal Infective Hepatitis 


Droivsincss 

Coma 

Kvoitcd bolinvnoiir 

Rostlcssncss 

Confusion 

Ijistlcvmcsfl 

Insoninin. 

Ropotili%o movoments of limbs 
'tVnndoring aimlessly’ 


II coses 
8 „ 

0 

3 „ 


1 case 
1 „ 

1 „ 

1 „ 


Total 


34 cases 


tho early stages of coma, and six had spasticity of the limbs, more commonly 
in tho lower than the upper extremities and afleoting tho large rather than 
tho small muscles (these characteristics of tho alteration in tone are the 
same as tho‘>e observed in fatal cases in Assam and Bengal) Involuntary 
movements wore present in six cases, they wore jerky' and choreiform m 
ty'pc, affecting the arms and legs in five cases and tho head in two Tendon 
reflexes wore always brisk and sustained ankle clonus was present m eight 
cases Extensor plantar responses were present in six cases, not necessanly 
those who showed other pyramidal signs In addition, facial palsy, external 
rectus palsy, hemiplegia, and external strabismus were seen in smgle cases 
These signs are in line with those previously recorded (Turner, Snavely, 
Grossman, Buchanan, and Foster, 1944, Stokes, Owen, and Holmes, 1945) 

Case 1 Lending Aircraftman F , British, aged 27 y'ears, had had syphilis 
treated by' penicillin in July' 1946 and developed anorexia, abdommal pain, 
and vomiting on G August Ho was jaundiced on 7 August and the fiver 
became palpable on 10 August He made normal progress till he became 
drowsy on 12 August at mid-day He was confused the same evening, and 
the following day was violently delirious and semi-comatose There was 
spastic paralysis of left face, arm, and leg, and a left external rectus weak- 
ness Cerebrospmal fluid was normal in all respects Urme contained a trace 
of albumen He died on the same day 

Autopsy A flabby shrunken liver weighing 1,020 gm , showing exten^e 
histological necrosis with no bilo-duot proliferation and no regeneration The 
kidneys were heavily' bile-stained and showed mild tubular degeneration 
There were subpleural, subperioardial, and extensive submesenterio haer^r- 
rhages, and submucous haemorrhages in stomach and small intestine The 

brAiii w£i8 nornifl'l , , 

A fortmght after death a contact, who had been hving in the same tent 
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for three months, developed mfective hepatitis from -which he made a good 
recovery 

Lalmatory tniesligations These were necessarily mcomplete on account of 
the CMgencies of field service and the pressure of routme work The unne 
contained traces of albumen in six of 34 cases White-ceU counts ranged 
from 3,900 to 10,600 per emm , and a normal or slightly leucopenic count 
was the rule Serum-proteins ranged from 4 4 to 7 6 gm per 100 cc No 
correlation was observed between the serum-protein level and the occurrence 
of oedema or ascites, but facilities were not available for performing 
differential estimation of albumen and globnbn Lumbar puncture always 
revealed a normal cerebrospinal fluid under normal pressure , the fluid was 
never jaundiced 

Gltmcal types Two cbnical types, an acute and a subacute, were recog- 
numblc and arc north distinguishing, though it must be reabzed that the 
distinction is purely clinical, and the pathological changes observed in the 
tuo types, while diffenng in some respects, are all part of one continuous 
process The acute type presented as coma of unexplained ongin The 
diagnosis was not always easy to make and it was apt to be mistaken for 
cerebral malaria, despite the ranty of the latter disease after the institution 
of suppressive mepaerme and the use of DDT The patient might be ad- 
mitted m coma or might suddenly go into coma a day or so after admission 
to hospital on account of vague malaise, fever, and anorexia Jaundice 
would be cither absent or slight There might be a progressive nse in tem- 
perature The pulse volume was usually good at first, in contrast to the 
shock that is so often found in cerebral malaria The diagnostic phjsical 
••ignB n ere to be found chiefly in the abdomen and central nervous system 
The liver, which might have been palpable and tender previously , ns it may 
Iks in malaria, could no longer be felt, the liver dullness decreasing and dis- 
nppcanng at a remarkable rate The pupils were dilated and there was 
incontinence of urine Tendon reflexes were increased and ankle clonus often 
appeared before the end Spasticity might occur Plantar responses were 
usiinllv flexor, but might be extensor Involuntary movements of a chorei- 
form type might occur, but were not common Petechiae and purpura of 
the skin might be observed, though they are difficult to sec in dark-skinned 
patients, but acre surprisingly rare considering the frequency of gro^s 
Imcniorrhagio phenomena at autopsv It might bo difficult to staunch the 
flow of blood from a venepuncture Death as a rule ensued within 4S hours 
of the on'^ct of the final phacc 

Ca^r lo Laccur S D , Indian, aged 25 ^ears complained of fever, 
anorexia, and constipation on 23 December 1945 On admission to hospital 
on 20 December the spleen was palpable, but not the liver There uns no 
jiuindicc There were no malarial parasites in repented blood-smears Tlic 
temperature Mih^dcd on 28 December, but on the same day he started to 
wander oimlcssly round the ward and was confused On 20 Dcccmlier ho 
went into coma, jaundice developed, and he died in a few hoiin- 
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Autopsy A normal-si7ccl liver with smooth capsule and purple and yellow 
mottling all over the surface The cut surface was deep red with purple and 
yellow mottling Sections showed extensive necrosis with massive haemor- 
rhages into the liver and congested sinusoids There was widespread infiltra- 
tion with exudative colls and no attempt at repair There were petechial 
haemorrhages into the wall of the loft ventncle 

Case 19 Sopov G , Indian, aged 30 years, had anorexia and fever for two 
days before admission to hospital on 20 January 194C There was a very 
faint tinge of icterus The liver was not palpable, though normal liver dull- 
ness was present He went rapidly into coma the same evening, had spastic 
limbs, sustained ankle clonus, incontinence, and dilated pupils Cerehro 
spinal fluid was normal He died four hours later 

Autopsy’ A small liver weighing 1,200 gm with a smooth surface and a 
rcddish-y’ollow and purple colour Cut surface was mottled red and yellow 
Sections showed that most of the liver cells were destroyed There were 
massive haemorrhages throughout the liver, engorged sinusoids, and numerous 
exudative cells, with no attempt at repair 

Cffsc IG Driver A N , Indian, aged 22 y'cars, had anorexia, abdominal 
pain, and fever on 7 January 1940 On admission to hospital on 11 January 
there were no abnormal signs He became jaundiced on 13 January On 
14 January ho went into coran and showed bilateral sustained ankle clonus 
Gums were bleeding and liv’cr dullness was absent Serum-bilirubin was 
4 mg per 100 c c Ho developed generalized jerky movements of the body 
and died the same night 

Autopsy A small, dark red liver with a smooth capsule The cut surface 
revealed intense congestion and a nutmeg appearance Sections showed 
intense congestion of the sinusoids, haemorrhages, exudative cells, widespread 
necrosis, and no attempt at repair There were extensive haemorrhages over 
the surface of both lungs and throughout the substance of both lower lobes 
There wore also subpencardial and subpcritoneal pctechiae and small 
haemorrhages in the lesser calyces of the renal pelves 

The subacute tvpe pursued a less swift course and was characterized by 
the additional sign of ascites There was a clear history of on attack of 
infective hepatitis which in no way differed from an ordinary attack In 
some cases the patient was discharged from hospital with an apparent 
clinical euro, only to be readmitted later Anythmg from two to 12 weeks 
after the onset ascites developed At the same time there might be much 
gaseous distension of the abdomen, and the combination of these two factors 
caused the patient considerable distress In one case repeated tappmg was 
necessary to achieve symptomatic relief Jaundice in the subacute case was 
always deep The picture remained unchanged for about a week until it 
was interrupted by coma and a final phase which precisely resembled that 
seen in the acute case except in one respect, that of time relations Some 
clinical warning was usually given by minor behaviour changes, and coma 
might last for three days or more before death ensued Dunng these three 
days the depth of coma might vary considerably as though a fine balance 
had been struck between the destructive and reconstructive processes 
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operating concurrently m the liver, and one patient actually came out of 
coma for a few hours in the middle of his final phase 

Case IS L/Naik N S , Indian, aged 28 years, was treated for sj^ihihs 
wnth penicillin in August 1945 He developed what appeared to be a quite 
ordinary attack of infective hepatitis for nhich he was treated in hospital 
from 9 November to 21 December with apparent cure He was readmitted 
on 1 January 194G with dyspnoea, constipation, and heaviness of the 
abdomen He was deeply jaundiced (serum-bilirubin 8 mg per 100 c c ) and 
bad gross ascites and gaseous distension of the abdomen Serum-proteins 
Mere 6 0 gm per 100 cc Semm-bihrnbin was 14 mg per 100 cc on 
19 January when he went into coma with spasticity of both upper limbs and 
very brisk ankle reflexes He came out of coma for a few hours on 20 Janu- 
arj' and took a meal, but in the evening became comatose again , the tem- 
perature rose steadily and there was sustained ankle clonus On 21 January 
the pupils were dilated, he was incontinent, and the signs remamed un- 
changed till his death the following day 

Autopsy A small hver weighing 950 gm with mcreased fibrous stroma 
The substance was greenish-yellow and studded with small round yellow 
nodules Sections showed large regenerating areas and much bile-duct pro- 
liferation There was gross ascites The walla of the transverse colon were 
greatly thickened and the mucous membrane bulged in folds of gelatinous 
oedema There were subpencardial and subarachnoid haemorrhages, and 
bleeding into the substance of the lungs and kidneys 

Death sometimes occurred in the subacute type of case either before 
ascites developed or before it was present in chmcally detectable amounts 
Four patients were in coma for over two days and jet ultimately 
recovered They were clinicallj’^ of the subacute type and differed only m 
the final outcome from the fatal cases already described Three were Indian 
and one British It has been possible to follow up onlj' the one British case, 
vho uas clinicalW well 12 months after emergmg from coma 

Case n 3 Driver J , British, aged 20 years, had syphilis treated by 
penicillin in August 1945 He developed anorexia on 19 November and 
jaundice on 22 November Ho was tender in the right hypoohondrium and 
the liver became palpable on 26 November There was normal progress till 
29 November uhon he had a nightmare On 30 November the liver was not 
palpable and the left ankle reflex uas brisker than the right On 1 December 
he had a small hacmatemcsis and became drowsj' On 2 December tlic liver 
dullness uns diminished On 3 December ho was stuporosc and violent, 
purpura apjiearcd on the shoulders and h\er dullness was absent Pupils 
were dilated and both ankle reflexes were exceedingly brisk On 4 December 
he uns comatose and incontinent Tlicrc was purpura on the legs, sustained 
left ankle clonus, and bilateral extensor plantar responses On 5 December 
at 8 a ni the liver dullness was present again, and at 9 p m coma lightened 
and ho began to respond to hcavj’ stiniub On 6 December he was eating 
and drinking and all abnormal neurological signs had disappearci] On 
7 Ucccmbcr the liver uas once again palpable and remained so until liis 
cinciintion from Burma on 10 December, b\ uliich time he was no longer 
jaundiced 

Ilepsiic biopsv In Dr S P I Sherlock in November 1946 shoved restora- 
tion of normal li\cr architecture 
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Pathological Features 

Hiis iin cstigfltion into Die morbid nnntomical nnd histological changes of 
liver necrosis m tho course of infective hepatitis ovtended from October 1944 
to Juno 1940, nnd comprised clinieal nnd post-mortem records and fixed 
tissues from 45 fatal enses Material from tho first 12 cases came from 
Military Hospitals in Assam and Bengal, there were 33 further cases from 
Burma uliich form the main body of the work Autopsy examinations were 
conducted soon after death, for tho swift progress of autolytic changes in 
hepatic necrosis after death is well rccogni/ed (van Beck and Haex, 1943) 
The tissues were fixed m 10 per cent formol-salino Paraffin sections were 
prepared and stained w ith hacinatox 3 din and cosin Liver sections were 
stained as a routine with Harris’s acid haomatoxylin and eosin nnd with 
Major’s hnomnlum Ayocarmine and van Gicsen’s stain were used to demon- 
strate conneotno tiosiic, and reticulin fibres wore stained by Wilder’s or 
Foot’s Silver impregnation method Owing to climatic conditions and delay 
in transport, jxist mortem nutoljtic changes wore present in a number of the 
tissues 

jl/flcroscopic appearances of the liver The gross anatomical features of the 
livers in the 45 cases under review are fairlj' tj^pical of yellow atrophy, 
except in BIX cases with appearances rarely seen in human pathology These 
were obtained from severe fulminating cases with marked haemorrhagic 
phenomena Most of the livers wore reduced in size, occasionally to an 
extreme degree, one quarter of the number being within normal limits, the 
remainder showing moderate or marked reduction Tho usual figure for 
reduction was to 1,200 to 900 gm The atrophy W'as irregular throughout 
the organ, the left lobe being sometimes reduced out of proportion to the 
right In tho acute cases tho capsule was smooth over the whole surface of 
tho organ or showed only localized or diffuse wrinkling, m a few of these 
livers there wore fine folds along the anterior border of the right lobe or over 
tho infonor surface The colour varied according to the stage at which the 
disease terminated In the fulminating haemorrhagic cases the colour of the 
right lobe was prcdominantlj' dark red, sometimes maroon, with patches of 
purple and yellow mottling (Plato 6, Fig 4) Tho left lobe was usually 
paler reddish-brown At a later stage the colour was grey-red with large 
patches of yellow nnd green and tho surface finelj' granular in the advanced 
cases tho appearances were typioallj' fibrotic with yellowish-green nodules 
jirojeoting above the surface of tho organ (Plate 6, Fig 6) The consistency 
w'ns usually soft and friable m the early stages, occasionally flaccid and even 
sponge-like Later it became firm and in the nodular type tough and fibrous 
Tho cut surface showed an equal variety of appearances The lobular pattern 
was obscured or lost in the livers from the fulmmating cases, the general 
appearance w'as that of red meat-hke tissue oozing blood, with patches of 
pale or brighter yellow in one of the earhest coses the substance of the 
right lobe was mahogany coloured with patches of yellow, while the dome con- 



OUTBREAK OF SEVERE IXFECTWE HEPATITIS IK BUR:\IA 223 

sisted of black mushy pulp not unlike the appearance seen m an acute malanal 
spleen This w'as due to massive haemorrhages At a later stage and specially 
m the subacute cases, many of the livers revealed the charaetenstic features 
of yellow nodules of hyperplastic tissue against a background of red collapsed 
parenchyma With regard to the relation of the size of the liver to the 
duration of disease, there was reduction at all stages with con'-iderable 
variation The two smallest livers in the series weighed 453 and 340 gm and 
were found in patients with illnesses lasting 19 and 25 days repectively Of 
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three cases with protracted illnesses from G9 to IIC days, one had a large 
liver and the other tuo acre reduced as much as in those with shorter 
lUnc'ises Ascites was found in 36 per cent of the cases It was usually 
nesociated with di'ense of some duration, but occasionally occurred earl3’ As 
a rule the fluid was abundant, varying from two to 10 pints , it was turbid, 
bilc-slaincd, and sometimes sanious In one case with a history of 69 davs 
over 10 pints were present 

Mtcroocopic appearances of the liver The main histological changes con- 
sisted of a difiuse hepatocellular necrosis and autolysis with Icucocj'tic and 
histiocjtic infiltration In a number of the acute cases of short duration 
hncmorrhngo was a remarkable and unusual feature The process of repair 
was demonstrated at all stages from the multiplication of a few surviving 
hepatic cells to the well-developed hyperplastic nodule and also in the 
proliferation of the bile-ducts In a few of the more advanced cases residual 
fibrotic changes were marked The histological features of the livers will now 
be studied in detail, and for convenience will be placed in groups according 
to the duration of the disease 

Acute fulminating hepatitis There were six ca«cs in this group They 
appear to represent the most severe manifestations of the disease in its 
earliest and most acute phase All came from South Burma, except one 
from South Bengal Clinicallv thci* were charactcnrcd bv short severe 
illnesH's of under 10 dajs’ duration The histological pictures seen in thc«e 
cncc'' are illustrated in Plate 7, Fig'- 8, 9, and 10, where the outstanding 
features arc massno partnchjmal necrosis combined with hacmorrhaccs 
llicse \ iiricd from small cxtrai nsations of blood or a few ruptured sinusoids 
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to idcsprcnd hnomorrlmgcs obliterating the entire lobular struoture Plate 7, 
Fig 10 filioivs a nuoroscopio field taken from one of these areas m which the 
only surviving structures are those u itbin the portal tracts However, a 
more typical appearance is to find clusters of surviving liver cells in the 
portal rones or scat tcred haplinrard throughout the tissue There are narrow 
bands of hepatic tissue outlining or separating the hnemorrhages, and fre- 
quenth also disrupted hj’ more haemorrhages producing the characteristic 
picture of islets of parenchyma surviving amid masses of haemorrhage 
(Plate 7, Fig 0) In a few instances the necrosis is seen mth a zonal arrange- 
ment in nhich the greatest damage is around the central hepatic vein The 
surviving liver cells stain faintly eosinophilic and show marked swelling 
and vacuolatioii of the cj'toplasm Where fatty degeneration is most marked, 
tlic hepatic cell in sections stained with hacmatoxylm and eosin appears as 
a network of vacuoles surrounding tho nucleus Binucleato cells are rarely 
scon and proliferating bile ducts are not found Tho sinusoids in the surviving 
parcnobjma arc small and partly' emptied by pressure from swollen hepatic 
cells ns well as from adjacent areas of haemorrhage , proliferation of their 
endothelial lining is seen in many' instances The whole tissue is infiltrated 
with poh morphs, lymphocytes, Instiocydcs, and pigmented macrophages 
There is a tendency for leucocytes to accumulate in the portal tracts The 
histological picture in tho fulminating case is ono of extensive haemorrhages 
w ith acute dilTusc hepatitis 

Acute hepaiiUs with evidence of repair This type of histological picture was 
found in 15 cases with illnesses varynng from 10 days to four weeks’ duration 
They' are fairly typical examples of acute diffuse necrosis with evidence of 
regenerative activity in bilo-duots and hepatic cells They have certain 
features in common with the fulminating cases For mstance, there are 
numerous haemorrhages mvolving large areas of the parenchyma, but the 
amount of activity in tho surviving cells and in early prohferating bile ducts 
indicates a less severe typo of lesion permitting efforts at compensatory 
by’portropby Tho initial lesion is in the centrilobular zone produemg de- 
generation and autolysis of tho cells around the hepatic vein, with a leuco 
cytio and histiocytic reaction Tho emptymg of the lobule may be complete 
(Plate 7, Fig 11) A highly characteristic feature at this stage of the disease 
IS tho presence of a nm of surviving parenchyma or a few early proUferatmg 
bilo-duots outlining the periphery of the lobule In spite of the extensive cell 
necrosis the reticulm framework is perfectly preserved The depleted stroma 
IB occupied by cytoplasmic and nuclear debris and a marked infiltration 
•mth exudative cells in which polymorphs, lymphocytes, plasma cells, and 
pigmented macrophages are found in vanable proportions There are also 
ponportal accumulations of leucocytes, among which a few eosmophils may 
be seen Endophlebitis is also associated with this stage of the disease It 
was found m four livers, usually m the centrilobular vein, and in one the 
wall of the vem showed hyabne thiokenmg and subendothebal infiltration 
with mflammatory cells 
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Subacute hcpattlis There is no fundamental difference between the acute 
and subacute forms of this disease The subacute is the stage at which the 
hypertrophic activities among the surviving structures become the out- 
standing feature m the microscopic picture , it is charactenzed by prolifera- 
tion of hepatic cells and bile-ducts and by organization of granulation tissue 
In many of the acute cases clumps of binucleate liver cells have been 
observed as early as the tenth day and m a few cases probably earlier. In 
the group of cases about to be described large masses of new liver cells are 
found to appear by 18 to 20 days This group corapnses 26 cases in which 
three main histological pictures can be distinguished 

Early subacute hepatitis This type of picture was found in seven cases 
with illnesses of from 10 to 20 days’ duration They all show the classical 
features of bile-duct and hepatic cell proliferation with richly cellular granu- 
lation tissue Plate 8, Fig 13 shows a field from a case of 10 days’ duration 
in V hich early buddmg bile-ducts arc seen outbning lobular remnants In 
contrast the picture in Plate 8, Fig 12 taken from a case of 1 1 days’ duration 
shows pronounced bile-duct proliferation occupying most of the micro- 
scopic field Jbtotic figures are found in the epithebum lining the ducts 
On closer inspection small clumps of hyperplastic liver cells can be seen 
among the bile-ducts These cells vary considerably in appearance, being 
larger than normal parenchyma and having hyperchromatic nuclei with 
prominent nucleoli , man}' are binucleate and occasionally multinuclcate 
with a neoplastic appearance, in many instances the cytoplasm is bile- 
stamed, appears vacuolated, and contains coarse granules of bile pigment 
Blocking of the canahculi by bile thrombi is commonly found Sections 
stained with azocarmme and by van Giesen’s method show httle sign of 
increased connective tissue fibres at this stage The stroma is still rich m 
cells, the majority of which are lymphocytes and histiocytes with large 
numbers of pigmented macrophages Leucocytic infiltrations are abundant 
in the portal stroma Small areas of the stroma arc intensely hypcracmic 
Nodular hyperplasia At this stage the hyperplasia among groups of sur- 
s iving cells has become extremely active, producing islands or nodules of now 
parcnch}mn This typo of lesion was found in 16 cases with illnesses of from 
1 1 da>R to SIX weeks’ duration The general picture is characterized by gross 
parcnch\mnl destruction with single or confluent h}'perplastic nodules fre- 
qiicntlj found in the vicinit} of the portal tracts, separated b} fibrous 
stroma which contains numerous branching bilc-ducts and exudative cells 
The nodules arc complete and compact and show no invasion bv granulation 
tissue They arc composed of compact cords of li\cr colls and of isolated 
liver cells, there is no lobular sj-mmclrv Man} of them arc inarkcdh 
I'chacmic and present a striking contrast to areas in the stroma which arc 
intenscl} vascular (Plate 8. Fig 14) Hyaline and fatty changes are fre- 
quent!} seen in the lupcrplastic epithelium, bile stained cells and bile 
thrombi in the intralobular canahculi arc fairl} numerous Further progress 
of the nodular lesion consists in breaking up of the nodule into small groups 
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of cells bv ovlensions of grannlntion tissuo (Plato 8, Fjg 15) The granu- 
lation liBsiic becomes less cellular and even •where there are still foci of 
cclliilnrity, many of the colls are fibroblastic in character There is also 
considerable scarring around the portal tracts In the most advanced stage 
of (Ins lesion, however, there arc still numerous large h 3 ’perplastic patches 
of parenchyma una/Iected bv fibrous extensions 

Diffuse hepatic fibrosis This is an unusual (j'pe of lesion to find in opidenuo 
hepatitis, and was aeon in two cases onl^' Both were patients w’lth pro- 
traoted illnesses of 00 and IIG days’ duration The histological pictures are 
similar but not identical There is no evidence of nodular hyperplasia There 
IS gross distortion of the normal lobular arcliitccturc with atrophy, necrosis, 
and aiitoh’sis of the liver cell columns, though the peripheral lobular zones 
arc well preserved The predominant lesion appears to bo in the portal 
zones, ns illustrated in Plate », Pigs 1C and 17 There is a wide zone of 
periportal conncctno tissue with wcll-ninrhed infiltration with lymphocytes, 
]iln<!ma cells, and ])ol 3 ’morphs There are also moderate numbers of proh- 
fcrating bilc-ducls and numerous binuclcate and multiniicleate liver cells 
with prominent nucleoli Bile-stnincd cells are scon occnsionnll 3 , also granules 
of bile pigment in the ovtoplasm and bile thrombi in the intralobular canali- 
culi The lesion is scon extending around the lobules in the form of a pen- 
lobulnr cirrhosis Both picturci, suggest a degree of cljronicit 3 ' which is more 
marhed in Plato 9, Fig 17 than in Plate 9, Fig JC In other parts of the 
liver shown in Plate 9, Fig 10 there is evidence of more acute changes as 
scon in small scattered areas in which there is marked sinusoidal engorge- 
ment and mild degenerate changes in the intervening liver cell columns 
Thc'c indicate more recent damage superimposed on a liver showing a con- 
sidcrnblo degree of repair In this connexion it is interesting to note that 
this patient (Case 7, whoso clinical histor 3 ’^ is given in the discussion below) 
had a recurrence of hepatitis whicb ended fatally 

Macroscopic and microscopic appearance of other organs Gail-bladder In 
the ma]orit3' of cases the gall-bladder was normal m size or sbghtly reduced, 
and contained black vnscid or watery green bile In two, however, both with 
nodular h 3 'pcrplasia of the liver and one with phlegmonous milammation of 
the colon, the gall-bladder was greatly swollen and tense One contained 
dark clotted blood w'hich appeared to have come from the hepatic duets, 
w hich had numerous pctoohiae on thoir mucosal Iming The other gall-bladder 
contained a small amount of black bile , microscopically the wall showed 
hyperacmia and oedema and a scanty diffuse round cell infiltration which 
was most marked in the submucosa In two other cases there was slight 
oedema and congestion of the gall-bladder 

Spleen In almost 70 per cent of the oases there was enlargement of the 
spleen Generally speaking the naked-eye and microscopic features were 
eimilar to those described by Luckd (1944) and Wood (1946), but m a number 
of the African and Indian cases there were pathological changes consistent 
with previous malarial infection There was perisplenitis and thiokeumg 
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ol Ibe fibrous trabeculae, fibroblastic proliferation in the pulp cords and 
occasionally in the follicles, and varying amounts of black pigment visible 
microscopically Smears from the pulp did not show malarial parasites. 
In the acute cases, including those of a fulminating character, the spleen 
■was enlarged, soft, and boggv m parts, but as a rule little pulp could 
be expressed At a later stage there was bttlo difference in size, but the 
consistency was firmer Histological examination of 17 spleens showed 
moderate or mtense engorgement of the smiisoidal veins and pulp cords at 
all stages of the disease In the early acute cases the lymphoid elements 
were promment, appearmg as large hj*perplnstic folhcles with central oedema 
and occasionally small patches of necrosis The lymphocytes in the reticulum 
were greatly m excess At a later stage the picture was dominated by 
engorged sinusoids and many of the lymphoid folhcles had become small and 
hypoplastic , there was also fibrosis throughout the tissue A striking feature 
observed in two cases only was marked dilatation of the smusoids which 
appeared to have gaping, thickened walls (Plate 10, Fig 19) 

Gaslrchtnlcshnal tract The condition desenbed by Lucke ( 1 944) as phlegmo- 
nous inflammation of the colon and duodenum was found in four cases in the 
present senes These were all cases of nodular hyperplasia of the liver 
associated with ascites (Plate 6, Figs C and 7) Histological examination 
showed mtense congestion, oedema, and cellular mfiltration into all coats 
The submucosa was greatly distended by oedema, haemorrhages, and an 
abundant exudate of polymorphs, histiocytes, plasma cells, and eosinophils 
(Plate 10, Fig 18) There were two more cases in the series which showed 
non-inflamniatory oedema of the large and small intestines They, too, were 
associated w ith nodular hyperplasia of the liver and with ascites 

Kidneys The kidneys sometimes showed cloudy swelling, but no other 
change ' 

Snprarenats As a rule the suprnrcnals presented no naked-eye abnormahtj 
apart from congestion of the superficial blood-vessels and in three cases pin- 
point haemorrhages under the capsule Six were examined histolopcaUy 
Of these, three were normal, while the others showed definite lesions in the 
outer and middle zones of the cortex There was marked congestion and 
numerous small subcnpsular haemorrhages There were varmng degrees of 
fattj degenoratne changes in the parenchyma cells, which in some instances 
had gone on to necrosis In one of these cases (a case of nodular liji perplasia 
of the liver associated with ascites) a few of the necrotic patches in the 
cortex wore infiltrated with Ij mphocj’tes, plasma cells, and polymorphs 
(Plate 10, Fig 20) Ko bacteria were seen 

lirain The brain often showed oedema of the white matter and occo'^ion- 
nll\ small extra\n®ations of rc<l blood-cells and peril ascular round cells in 
the basal meninges and ganglia 

llacmorrhagir phenomena Macroscopic haemorrhages in the form of 
jK-techine or large purpuric patches were found in n number of organs olher 
than the Incr, and appeared at all stages of the di'-ea'^c Thej wen Mxn 

No. t4 -p 
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commonly m the lungs, intestines, and heart, and less frequently m the 
kidneys, adrenals, pancreas, and brain Haemorrhages in the heart were 
frequently located along the course of the coronary arteries and in clusters 
at the left auneulo-vcntncular junction 
Snmtnart/ of pathological features The gross anatomical features of the 
livers were fairly tj'picnl of yellow atrophy, except in six cases of fulminat- 
ing hepatitis in which haemorrhagic phenomena were marked The hvers 
in thc*^o cases were predominantly dark red in colour, sometimes maroon, 
and showed prominent patches of purple and yellow In one case the dome 
of the right lobe \\ ns soft and spongc-hko as a result of massive haemorrhage 
In the majority of cases there was reduction m sire of the liver, occasionally 
to a marked degree In the acute fulminating case the histological picture 
was one of oxtcnsive haomorrhages with acute dilTusc hepatitis In a few 
instances tlio haemoriliage was so extensive that the entire lobular archi- 
tecture was obliterated, leaving only' the portal tracts In most of the cases 
the cellular inhltrntion was maximal in the portal zones Fifteen cases pre- 
sented the features of acute dilTuso hepatitis with commencing regenerative 
activity in bilo-duct and hepatic epithelium In 22 subacute cases the proce^ 
of repair was demonstrated at all stages from the multiphcation of a few 
surviving hepatic cells to the well-formed hjqierplnstio nodule, and also in 
the proliferation of bile ducts and the organization of granulation tissue It 
IS noted thpt nodulation may appear by 18 to 20 days An rmusual histo- 
logical picture was found in t\\ o longstanding subacute cases , this has been 
described as a diffuse hepatic fibrosis Hero the predominant lesion was m 
the portal zones There was increased fibrosis with a cellular reaction and 
bilc-duct probfcration This lesion is seen extending around the lobule m 
the form of a perilobular fibrosis The gall-bladder was enlarged and tense 
in two cases only’ MicroscopicnUy there was oedema and in one a mild 
inflammatory reaction in the wall 

In the majority' of cases the spleen was enlarged In the acute oases the 
enlargement was considered to bo tho result of by’peraemia and of lymphoid 
hyperplasia Later in tho disease tho sinusoidal engorgement was more 
marked and this may' have been the result of portal hypertension Four 
cases showed phlegmonous inflammation of the mtestinal tract and two others 
a non-inflaramatory' oedema of tho gut This is regarded as a termmal lesion 
Interstitial pancreatitis was found in one case only and was associated wnth 
phlegmonous inflammation of the duodenum The kidneys sometimes showed 
cloudy swolhng A patchy necrosis of the suprarenal cortex was found in 
three oases of the six examined histologically, and m one of them there 
was infiltration with inflammatory cells Histological exammation of the 
brain revealed hyperaemia, small perivascular haemorrhages, and oedema 
Haemorrhagio phenomena were prominent features in the lungs, mtestm^, 
and heart , small patches of subarachnoid haemorrhage were not mfirequent y 

found 
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Discussion 

Before discussing the possible implications of this senes of cases, it is 
important to be certain that they did in fact die of hepatic necrosis con- 
sequent upon infective hepatitis and not of some other disease Occasional 
proven cases of Weil’s disease occurred during the period under review, and 
steps were taken to exclude this possibility, though the absence of suffusion 
of the eyes or severe body pains, of oliguria or leucocytosis, and often of 
fever, made it unlikely Spirochaetes were never recovered from the blood 
nor from fresh alkaline urine Owing to the shortage of experimental 
animals, guinea-pig inoculation, which had proved negative on five early 
cases m the senes, was discontinued The final exclusion rests on patho- 
logical grounds The livers m our cases wore usually small, occasionally 
normal m size, but never large, and their histology was similar to that found 
by Diblo, McMiclmel, and Sherlock (1943) m biopsies from cases of infective 
hepatitLs Hutchison, Pippard, White, and Sheehan (1946), in a discussion 
of 17 cases of Weil’s disease occurring m Italy, considered that the possi- 
bility of confusion between leptospirosis and infective hepatitis is remote, 
in their cases the liver at autopsy showed no histological trace of recent or 
healing necrosis nor degeneration of hepatic cells The occurrence of yellow 
fever in Burma has not yet been recorded If the virus were introduced, 
the disease might bo expected to spread at an alarming rate and the number 
of reported cases of jaundice to nse rather than fall os they did The final 
exclusion rests once again on histological grounds No Councilman lesions 
uore ever seen in the sections of these livers In no case was there any 
evidence of poisoning by chloroform, cinchophen, mushrooms, or bacterial 
toxins Two cases had received carbon tetrachloride in what proved to be 
the prc-iclenc phase of infective hepatitis on account of concurrent ankjlo- 
stoiiiinsis The livers of both these cases showed histological changes indis- 
tinguishahlo from those seen in the other cases m the senes In both cases 
there was an intcnal of a week between the administration of carbon 
tetrachloride and death, in other words, the exhibition of the drug was not 
followed by a dramatic onset of the final phase It cannot be denied, how- 
oNcr, that it may have acted ns an additional toxipathic factor (Himsworth 
and Glinn, 19)46), whose summation with the toxipathic factor of infcctno 
hepatitis was sufficient to cau'^o hepatic nccro'^is The exclusion of these 
\ nrious factors leaves little doubt that the series of cases described did in 
fact die of hepatic necrosis complicating infective hepatitis 

CuKsc of the high dcath-rnic The possible causes of the high mortalit 3 , five 
or Hix times the rate usually recorded, must now be considered This can be 
cxplaiiiod on one of two bases, firstlj, a postulate of some additional factor 
which jirodticod In or damage in the population at risk in South Burma alone, 
jiarticulnrls in Rangoon, and whose efTccts b\ summation with the damage of 
infective hepatitis might lend to hepatic necrosis, and secondly, a local vana- 
(lon of the Mrulence of the causatno organism of infcctnc hepatitis itself 
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Mcpacrwc Tlio ■\\hoIc of tho population at nsk was on a regime of 
Bupprc'jsivo mcpncnno consisting of 0 ] gm daily There is some expen- 
mental ovidonco that mopnenno may produce liver damage in animals 
Wright and LiIIio (1943) have described ncorotic areas in the livers of rats 
fed on atebrine, and Silbor, Clark, and Siegel (1944) have correlated the 
degree of hopatic necrosis produced with the blood level of atobnno attained 
and tho duration of its maintenance Macgraith and Havard (1046), 
however, found no ovidonco of liver dysfunction m volunteers who had been 
on mepnonne 0 1 gm dailj' for 12 months, though liver biopsies were not 
done on these cases Drew and Reid (1946) have found normal liver stmo 
turo at biopsy m 10 men nho had been on suppressive mepaerme from six 
to 17 months. On tho other hand, Agress (1046) recorded five oases of 
mcpncnno sensitmty in 3,000 Chinese troops They all had exfohative 
dermatitis and three died Their livers showed ‘areas of necrosis’ in two 
cases and a ‘diffuse necrosis’ in the other No photomicrographs were 
published and the evidence that tins liver damage follow’cd the ingestion of 
mopacrinc is not certain, for three of tho cases had septic wounds with fever, 
and one had a fever of undetermined origin for 37 days Hundreds of 
thousands of men have been on suppressive mcpacrinc for long periods in 
manj parts of tho world during tho recent war, yet the raortahty rate 
reported in those of them who developed infective hepatitis has been of the 
usual order Mopacrinc cannot bo blamed for the lugh death-iato o)>served 
in South Burma 

Untntwn Jluch attention has recently been focused on the role of 
deficient nutrition in tho production of liver damage Himsworth and Glynn 
(1944 c) have shown that rats fed on a low protein diet develop massive 
necrosis of the liver, and cited Muwazi and Trowell’s (1942) observations m 
East Africa ns affording a human corollary to this experiment They have 
also shown that this necrosis may proceed to a cirrhosis such as has been 
seen on tho Rand and in tho Punjab in undemounshed natives (Gillman, 
1944, Hughes, 1026, 1933, Hughes and Shnvnstava, 1927) They have 
confirmed Daft, Sebroll, and Lillio’s (1942) findings that methionme has 
a preventive action against tho production of hepatic necrosis in such rats 
Pngosen and Gordon (1942) considered that hepatic necrosis in man may 
be tho result of infective or toxic factors on liver cells previously weakened 
by nutritional disturbance, and Himsworth and Glynn (1944 b) suggested that 
massive necrosis occurrmg during the course of mfeotive hepatitis may be dne 
to nutntional factors This contention receives support from Fox, Manse, 
Penna, and Pard, (1942), who reported a death-rate of 2 4 per cent from 
infective hepatitis in undernourished Brazihans Himsworth (1944), while 
admittmg that there is no indication that the incidence of infective hepatita 
could be mfluenced by diet, suggested that a high-protein diet or methionme 
might prevent the complication of hepatic necrosis Wilson, Pollock, and 
Harris (1946) pomted out that the rarity of this complication would make it 
very difficult to decide the question They found that there was a shght 
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bias in favour of giving metbionine m an attempt to mitigate the seventy 
of an attack of infective hepatitis, but their results vere not statistically 
significant and they did not consider that dietary deficiency is a factor in 
determining the course of infective hepatitis m England Finally, MacCallum 
and Miles (1940) reported that the inoculation of blood and faeces from 
patients with infective hepatitis into rats on a protein-deficient diet, followed 
bv bbnd passage of the tissues of these rats, has led to the production of 
necrosis of the liver, enlargement of or haemorrhage into regional honph- 
nodcs, and haemorrhages into the stomach, gut, and lungs Passage, titration, 
neutralization, and filtration experiments have suggested that this vras a 
transmissible disease caused by a virus This exceedingly important finding 
at present awaits confirmation 

The deaths in Burma may now be examined in the light of these facts 
Die histological pictures of the livers from these men show a series of 
changes from acute necrosis of liver ceUs with much haemorrhage to re- 
generative nodules and bile-duct proliferation Zonal and diffuse tj^pes of 
lesion arc encountered, but the whole of the hver is invanably affected to a 
greater or lesser degree The appearances arc those of a severe toxipathic 
hepatitis There was in no case evidence of a localized massive necrosis of a 
trophopathic kind described by Himsworth and Glynn (1944a) as following 
deficiency of methionine It is true that m four cases the left lobe appeared 
to be more sovorcly damaged than the remainder of the liver, which might 
conceivably suggest a trophopathic clement in the necrosis according to 
Himsworth and Glynn’s views Malnutrition certainly occurred among some 
Indian troops in Burma between July 1945 and January 1946 , these troops 
included many strict vegetanans who refused to take meat, fish, or eggs, 
though they would sometimes cat cheese They were commonly grossly 
anaemic and would walk into hospital with less than 1,000,000 red cells per 
emm of blood, and many had diarrhoea and were heavily infested nith a 
vanctj' of worms 'The combination of these factors not infrequently en- 
compassed their death, and it can safely be said that these men were de- 
ficient in most dietary respects Nevertheless, the livers of those who died 
shoved no evidence of hepatic necrosis, and tbo‘>e of them who developed 
infective hepatitis ran a normally mild course Tins confirms previous ex- 
perience in Assam where malnutrition was prevalent both in Indian troops 
dunng the aftermath of the retreat from Burma in 1942 and in Bntish 
troops on the return of Wingate’s 1944 expedition On the other hand, none 
of the fatal cases of infective hepatitis showed any clinical signs of mal- 
nutrition It roninins to be said that there were ration cuts of various food- 
stuffs Iwth in North and bouth Burma between mid-August 1945 and March 
1946 They changed from week to week, affected British troops almost 
oxcUisu oly, and a cut in one tv pc of food was often counteracted b\ an 
menace in another Analysis showed no matcnnl difference between the 
methionine content of the diet in the two areas There were no greater 
opiwrlunitics for siipplcmonting llie diet in North than in Pouth Burma 
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TJio concontrntion of fatal cases around Rangoon cannot bo explained on a 
nutritional basis 

Tlio difiicultv nbicli besots the ready acceptance of an increased virulence 
of the virus in this outbreak is tho crossing of the graphs of attack rates and 
mortality rates TJie former fell while tho latter rose, and this is in contrast 
to tho usual occurrence in previously recorded epidemics It must be 
remembered, however, that the fighting in Burma came to an end during 
tlio period under review, and the declining attack rate of infective hepatitis 
may be explained b_j tho steadily improving sanitation If the falling attack 
rate is regarded ns the result of better hygiene, the crossing of the graphs 
no longer presents nn insuperable obstacle to the acceptance of the explana- 
tion of incrcn'^ed 'Mrulcncc It must be concluded that there was a virulent 
local strain of tho infective hepatitis virus in South Burma, particularly m 
Rangoon Fatal eases of infective hepatitis occurred in Assam, Singapore, 
Bangkok, French Indo-China, and Hong Kong between July 1946 and June 
1940, 11 in all The}’’ have nearly nil conformed to the subacute course 
described above, and suggest that tho high incidence of severe hepatitis m 
Burma was reflected by an increased virulence of the virns throughout 
Soiith-Eost Asia 

Jtccurrcncct Tlicro remains one question of some importance which 
demands an answer What is tho factor which determines the onset of the 
final phase in the subacute tj-po of ease? Clinically this phase resembles 
that seen m tho acute typo of death except m tho presence of ascites (wbch 
13 an incidental findmg duo to merensed portal pressure and m no way 
Bpecificallj related to infective hepatitis) and in its duration, which is 
slightly more prolonged than that scon in the acute tjqie The gross histo 
logical findings m the livers of those who died in the subacute stage are 
similar to tho«o found by Diblc, McMichael, and Sherlock (1943) at biopsy 
by Iverson and Roholm’s (1939) technique m patients with infective hepa- 
titis pursuing a normal course, although there is a much heavier necrosis of 
the regenerated liver cells The latter may be partly explamed by ischaemia 
in the case of large nodules of now parenchyma, but ischaemia can play no 
part in tho secondary necrosis of small clumps of regenerating cells There 
18 some factor which causes a sudden accession of damage m a liver whose 
essential histology is that of normal repair An extraneous factor may be 
recognized in some cases In two cases in the present senes it is possible 
that a therapeutic dose of carbon tetrachloride was the preoipitatmg factor ' 
In most cases, however, there was no known extraneous cause, and it is most 
probable that the factor involved was a recurrence of infective hepatitis 
caused by the same virus that produced the initial attack Recurrences are 
a well-known feature of the disease Witts (1944) estimated that they occor 
in 2 per cent of oases and this concurs with the mam body of opinion 
(Findlay, Martm, and MitcheU, 1944, Hoagland and Shank, 1946), though 
Peters, Thompson, King, Williams, and Niool (1946) observed 30 relapses m 
468 cases of post-arsphenanune jaundice They also noted that 26 of these 
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relapses occurred m 150 cases ^vhose initial attack was considered on clinical 
grounds to be severe, while the remaining five relapses followed light attacks 
of hepatitis Marshall (1943) suggested that recurrences are due to super- 
infection from other cases of infective hepatitis treated in the same ward 
Most of those he observed occurred after about 30 dajs and this is his main 
argument, but other expcnence of the time relations of recurrences does not 
coincide with his The fact that one attack of infective hepatitis confers 
a high degree of immunity also makes snperinfection improbable Auto- 
infcction vith the same vinis that caused the initial attack is much more 
likely to cause the recurrence 

Virus diseases, both in animals and plants, are noted for the persistence 
of the causal organism m the host in the absence of symptoms It is probable 
that infective hepatitis provides no exception to this general rule, and that 
the virus remains hidden m the gut between recurrences Attempts to 
demonstrate this have so far failed (Neefe, Stokes, and Remhold, 1945 , 
Havens, 1040), though recent work has emphasized the faecal mode of 
spread of the disease (Findlay and Martin, 1943, Findlav, Martin, and 
Mitchell, 1944, SlacCallum and Bradley, 1944) There is a suggestive 
parallel in the case of anterior poliomyelitis, whose virus has been demon- 
strated in the gut for penods up to four months after recovery from symp- 
toms (Lepinc, Siidallian, and Sautter, 1939 , Paul, 1041 , Paul and Trask, 
1941, 1942) 

Fibrosis of the liver Tlic evidence that cirrhosis may follow infective 
hepatitis IS considerable Cases have been recorded by Cullman (193C), 
Polack (1937), Krarup and Roholm (1941), and Rennie (1945) Pathological 
studies bi Ratnofl and Patek (1942) suggested that G 5 per cent of 380 
cases of cirrhosis were due to infective hepatitis, and five of 16 cirrhoses 
oh'served b} Rennie (1943) gaac a history' of infective hepatitis and no other 
possible causatno factor Higgins, O’Bnen, Stewart, and Witts (1944) re- 
garded all ]aundicc lasting longer than two months ns indicating a subacute 
hepatitis nhich renders the patient a prospective candidate for subsequent 
scarring Lucky’s (1044) objection that infective hepatitis and cirrhosis of 
tlie hver arc botli common di'^en^es and that a previous history of hepatitis 
in a cirrhotic jiaticnt docs not ncca=sarilj imply a causal relationship is 
inlid, but it must lie remembered that siibictcnc attacks of infective hepa- 
titis frequently rcniam undiagnosed and, in such cases, will not be forth- 
coming in the history In this connexion the term cirrhosis demands closer 
definition, for it is probable that the course of the process in the li\cr iihen 
an attack of infective hepatitis leads to a nodular hyperplasia on the one 
hand and to a niuUilobiilar cirrhosis on the other is leri different In most 
reimrts of cirrhosis after iiifcctnc hepatitis the distinction betveen nodular 
h\ jicrplasin and multilobular cirrhosis (or diflusc hepatic fibrosis) is not 
made Tins is not surpnsing. for m their later stages the t«o conditions 
inn\ be evciedingly difiicult if not imjiossiblo to distinguish nxjicrimcntnl 
< Mdi nee goes to shon that the In or is capable of complete recover! from a 
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single attack of severe damage, but is less likely to do so if subjected to 
repeated minor damage (Wiitpplo and Sperr 3 , 1009 , Cameron and Karuna- 
ratiie, 193C) Multilobular oirrliosis might bo expected after recurrent 
attacks of infective hepatitis, and it may ivoll bo that patients with a definite 
association of infective hepatitis and multilobular cirrhosis have had recur- 
rences of a siibicterio and unrecognized tj pc One case in the present senes 
illustrates what may be an intermediate stage in the production of a diffuse 
hepatic fibrosis b} repeated recurrences of infective hepatitis 

Cate ( Major A, British, aged 31 jears, had complained of penodio 
lassitude in India and Ceylon since May 1946 TJio first definite symptoms 
appeared in September 1916 when he wont off his food completely and 
developed jaundice ITo was admitted to hospital in Rangoon, treated for 
infective hepatitis and discharged with apparent clinical cure on 16 October 
He w as readmitted on 25 October on account of oedema of ankles and face 
and continued lassitude Ho was tender in the right hyjiochondnnm, but 
the liver was not palpable, nor was the spleen There was slight jaundice 
and bile pigments w’cro present in the urine Serum-proteins were 5 0 gm 
per 100 c c He bled from his gums on 28 October, and on 30 October there 
wore signs of ascites and he vomited altered blood There were cutaneous 
potcchiac On 1 November ho was transfused, since his red cells were only 
2,500,000 per c mm Scmm-bilmibm was 0 2 mg per 100 c c On 3 November 
jaundice deepened, ascites increased, and ho complained of pam in the nght 
side By 16 November his abdomen was grossly distended, senim-bilimbm 
was 20 mg per 100 c o , there were widespread cutaneous potechiae, and ho 
was drowsy Ho died in coma on 16 November 

Autops}' All subcutaneous tissues wore waterlogged A normal-sized 
liver with smooth capsule and yellow and purple motthng Sections showed 
widespread contnlobular necrosis, regenerating liver cells, bile-duct prolifera- 
tion, and a cellular reaction most marked around the portal tracts There 
were areas of intense congestion, and a diffuse fibrosis (Plate 9, Fig 16) 

In discussing this possibility it must be emphasized that the liver at 
autopsj' in the majority of the longstanding cases showed a frank nodular 
liyTierplasia, not a diffuse hepatic fibrosis It is suggested that one severe 
attack of hepatitis may produce nodular hyperplasia, while repeated mild 
attacks may result in diffuse hepatic fibrosis of a multilobular type The 
latter process may be interrupted by death at any stage if a recurrence is 
severe enough to raise the degree of liver damage above the cntioal level 

It seems that the possible reactions to an attack of mfective hepatitis 
mav bo summarized ns follows 

1 The usual signs of anorexia and tender hver, with or without jaundice, 
resulting in complete recovery 

2 Death wuthm a few days from acute hepatic necrosis with the symptom- 
complex of cholaemia 

3 The usual signs of infective hepatitis with recovery, followed by a 
recurrence which presents the same features as the imtial attack and results 
in recovery 

4 The usual signs of mfective hepatitis with recovery, followed by a recur- 
rence which causes death from subacute hepatic necrosis 
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5 A clinically severe attack of infective hepatitis with recovery and the 
development of nodidar h3T)erplasia 

G The usnal signs of infective hepatitis, followed by apparent recovery 
(n ith, probably, subictcnc recurrences), and the late appearance of diffuse 
fibrosis 

Sttmmary 

1 An outbreak of severe infective hepatitis in Burma is described 

2 Acute and subacute modes of death are distinguished and an attempt 
IS made to correlate the pathological findings with the duration of disease 

3 Possible causes of the high mortality rate in the outbreak are considered 

4 The mechanism of death m the subacute type of case and the courses 
run by infective hepatitis are discussed 

Our thanks are due to Professor Dible, Professor Himsworth, and Dr J 
Mills for various suggestions with regard to the hepatic histology, and to 
Professor Pulvcrtaft for facilities for photomicrography For technical 
a'^sistanco we are indebted to Sgt Canwell, R A M C , Sgt Nutt, R A M C , 
Mr J S Wilson, and Mr P Matthews 

Addendum 

Since the present article was completed, Luck6 and Mallory (194G) have 
reported what they desenbe as the Fulminant Form of Epidemic Hepatitis 
occurring in American forces in various theatres of war between 1943 and 
1945 Their paper lends weight to the belief that the fulminating cases are 
in fact a form of infective hepatitis, and supports the view that their occur- 
rence IS due to increased virulence of the causal organism 

REFERENCES 

Aprons, C M (1040) J Amcr Med Assoc 131, 14 

Rcrpslmnd, H (1030) Ada Med Scayxd Suppl 34 

Cameron, G R , and Kanmarntno, W A E (1030) J Path Pact 42, 1 

Cnmoroii, J D S (1013) Qi/art J Med NS 12,139 

CocUnN-nc, E A (1912-13) Jbid 6, 1 

Cullman, E R (1030) Pt Bart's Bosp Med Rep 69, 65 

(1030) Proc Rem Soc Med 32, 033 

Daft, r S , Scbroll, W II , and Ldlic, R D (1942) Pros Soc Exp Btol 50, 1 
Dible, J H , McMichacl, J , and Slicrlock, S P V (1043) Lancd, 2, 402 
Drme, IV R 5t , and Reid, ,T (1045) Ibid 2, 107 
rindla\,G M , and Martin, N H (1943) /6irf 1,078 
and Mitcliell, J D (1044) J&id 2,301 

Fox, J P , Manro, C , Ponna, H A , and Pam, M (1942) Amer J liyij 36, 03 

Odlninii,.T (1944) TJnl Med J 1,149 

Gonton, 1 (1943) Ibid 2, 807 

lln\enslV P (1914) J Amer ^Ted ls*oc 126,17 

-(1040)J Exp Med 83.251 

Hietinx G , O linen I U P , Stewart. \ , and M itta, L J (1044) Rnf ^frd J 1,211 
Him-urorlb. II P (1014-5) Proc Roi, Soc Mrd 33. 101 

andGK-nn. 1, E (1044n)J Path Pact 56.207 

(19146) //anert, 1. 4'7 



230 


QUARTERLY JOURNAL OF i^IEDICINE 


Himsworth, ir P , nml aij-nn, L K (1044c) CTZm Sci 5,03 
Honulnncl, C L , nnd Slmnk, R ID (1040) J Amcr Med Assoc 130, 015 
Howells, L , nnd Kerr, .T D O (1040) Lancet, 1, 51 
Hughes, T A (1020-7) Jmhan J Med Res 14, 167 
(1033-4) i6i(/ 21,353 

fuul Shnvnstn\n, D L (1027-fi) /5irf 15,427 

Hurst, Sir A , Rnrbor, H W , Knott, F A , nnd Ross, T A , Medical Diseases of War, 
Ix)nd , 2nd od , 1041 

Hutchison, J IT , Pippnrd, J S , White, M H G , nnd Sheehnn, H L (lOiO) Bnt Med 
J 1, 81 

Itorscn, P , nnd Rohohn, K (1039) Acta Med Scand 102, 1 

Jntnwnrdone. M D S {\0V>) Indian Med Gaz 80,445 

Krnrup, N H . nnd Roholni, K (1041)jVorr7 Med 10,1091 

1-rtpine. P , Stdnllmn, P , nnd Snuttor, V (lOOO) liiill Acad mid Parts, 122, 141 

I ucki', B (1044) Amcr J Path 20,471 

nndMnllor\,T (1040) iOid 22,807 

HncCnllum, F O , nnd Bnidloi, W H (1044) Lancet, 2, 228 

nnd Miles, J A R (1040) /Old 1,3 

McFnrlnn, A M (1045) Quart 7 Med NS 14,125 

3Incgrmfh, B , nnd irninrd, R E (1045) Lancet, 2, I4I 

Mnrshnll, J (1043-4) Proc Roy Soc Med 37, 453 

Muwnri, E JI K , nnd Trowoll, H C (1042) E Afr Med J 19,40 

Noefo, J R , Stokes, J Jr , nnd Reinhold, J G (1946) Amcr J Med Set 210, 20 

Omni, S (1045) J Roy Army Med Cps 84, 201 

Pnul, J R (1041) illedicinc, 20, 405 

nnd Trnsk, ,T D (1041)./ Amcr Med Assoc 116,403 

(1042) Amcr J Ptthl //colt/i, 32, 235 

Peters, R A , Thompson, R H S , King, A J , Wilhnms, D I , nnd Nicol, C S (1946) 
Quart J Med N S 14, 35 
Polnck, E (1037) Acta Med Scand 93, 014 
PngoscJi, R E , and Gordon, B (1042) J Pacdial 20, 208 
RntnofT, O D , nnd Pntek, A J (1042) jMcdictne, 21, 207 
Ronnie, J B (1013) Bnt J Exp Path 24,20 

(1045) Amcr J Med Set 210,18 

Sclnndor, P (1030) Acta Paediat 23 (Suppl 4), 3 

Silber, R H , Clnrk, I , nnd Siegel, H (1044) Proc Soc Exp Biol 57, 116 
Spooner, ETC (1943-4) Proc Roy Soc Med 37, 171 
Stokes, J F , Owen, J R , nnd Holmes, E G (1046) Rrit Med J 2,042 
Tliompson, L L Jr , Frnner, W D , nnd Bnvdin, I S (1040) Amcr J Med Set 
199, 305 

Tumor, R H , Snnsoly, J R , Grossmnn, E B , Buchanan, R N , and Foster, S 0 


(1044) Ann Intern Med 20, 103 

s nn Book, C , nnd Hnox, A J C (1043) Acta Med Scand 114,657 

snn Roojon, C E , nnd Gordon, I (1942) J Roy Army Med Ops 79, 213 

Wnllgron, A (1930) Acta Paediat 9 (Suppl 2), 1 

Wnng, E (1046) Nord Med 28, 2072 

War Office Medical Department Bulletin (1042), No 16 

Wnpplo, G H , nnd Sperry, J A (1909) Johns Eopltns Hasp Bull 20, 278 
Wilson, C , Pollock, M R , nnd Hams, A D (1946) Bnt Med J 1, 399 
Wilson, J D , nnd Goodpasture, E W (1027) Arcti Intern Med 40, 377 
Witts, L J (1944) Bnt Med J 1, 739 


Wood D A (1046) Arch Path 41, 345 

Wngh’t, C I , and Lillie, R D (1043) Publ Health Rept 58, 1242 




23C 


QUARTERLY JOURNAL OF MEDICINE 


Himflworth, 11 P , nntl Glynn, L E (lDJ4c) C/in Sci 5,03 
HonplniK], C E , nnd SImnk, R E (104C) J Amcr Med Assoc 130, 015 
Ilonollfl, L , nntl Korr, J D 0 (1040) f^ncet, 1, 51 
lliiglic*!, T A (1020-7) Indian J Med lies 14, 107 
(1033-4) Ibid 21, 353 

niul Shri\nstn\n, D L (1027-8) 75i// 15,427 

Hurst, Sir A , Bnrbcr, H. W , Knott, F A , nnd Ross, T A , Medical Diseases of War, 
Lond , 2nd o<l , 1041 

Hutoliison, J II , Pippord, J S , Wliilo, M H G , nnd Shcohnn, H L (1940) Bn( Med 
J 1,S1 

Rorsen, P , nnd Roholin, K (1030) Ac/n Med Scand 102,1 

Jnjnwnnionc, M D S (1945) /nrfinn Mrd On: 80,445 

Krnnip, N H . nnd Roholin, K (1041) AW Med 10,1091 

I t-pmo, P , S^dnllinn, P , nnd Snuttor, V (1930) Dull Acad mid Pans, 122, 141 

EuckO, U (1044).l7Mcr J Path 20,471 

nnd iMnllorv, T (1010) Jbid 22, 807 

AlncCnllum, F O , nnd Brndlcy, W II (1044) Lancet, 2, 228 

anil Miles, JAR (1040) Ibid I, 3 

Mctnrlnn, A 31 (1015) <?Hart J Med NS 14,125 

31ncgrnitli H , nnd nn\ nrd, R E (1045) /oncet, 2, 141 

Mnrahnll, J (1013-4) iVoc Roij Soc Med 37,453 

Jliiwnii, E M K , nnd Trowoll, H C (1042) E Afr Med J 19,40 

Neefo, J R , Stokes, J .Tr , nnd Rcinliold, J G (1046) Amcr J Med Sci 210,29 

Ornm, S (1045) J Roy Army Med Cps 84,201 

Pnul, J R (1041) Medicine, 20, 495 

nnd Trnsk, J D (1041) J Amcr Med Assoe 116,403 

(1042) Amcr J Piibl //enW, 32, 235 

Potors, R A , Thompson, R H S , King, A J , 'Willinms, D I , nnd Nicol, C S (1945) 
Quart J Med N S 14, 35 
Polnck, E (1037) Ac/( 7 Med Scand 93,014 
pngosen, R E , nnd Gordon, M B (1042) J Pacdiat 20, 208 
Rntnotf, O D , nnd Pntok, A J (1042) Medicine, 21, 207 
Rennio, J B (1013) Tint J Exp Path 24, 20 

(1045) Amcr J Med Sa 210, 18 

Selnnder, P (1039) Acta Paedial 23 (Suppl 4), 3 

Silbor, R H , Clnrk, I , nnd Siogol, H (1044) Pros Soc Exp Biol 57, 116 
Spooner, ETC (1943—1) Proc Roy Soc Med 37, 171 
Stokes, J F , Given, J R , nnd Holmes, E G (1045) Bnl Med J 2, 642 
Thompson, L L Jr , Frnzior, W D , and Rnidin, I S (1940) Amer J Med Sci 
199, 305 

Tumor, R H , Snnvclj, J R , Grossman, E R , Buchanan, R N , and Foster, S U 


(1944) Ann Intern Med 20, 103 

van Book, C , and Hno\, A J C (1043) Ac/cr Med Scand 114,667 

van Rooyen, C E , nnd Gordon, I (1942) J Roy Army Med Ops 79, 213 

Wnllgrcn, A (1930) Acta Paedtal 9 (Suppl 2), 1 

Wnng, E (1046) Nord Med 28, 2072 

iPar Office Medical Department Bulletin (1942), No 16 

Wlupplo, G H , nnd SporrJ^ J A (1909) Johns Hopkins Hasp Bull 20, 278 
Wilson, C , Pollock, M R , nnd Harris, A D (1946) Bnt Med J 1, 399 
Wilson, J D , nnd Goodpasture, E W (1927) Arch Intern Med 40, 377 
Witts, L J (1944) Bnt Med J 1, 739 


Wood D A (1946) Arch Path 41, 346 

WnghE C I , nnd Lillie, R D (1943) Publ Health Bept 58, 1242 


QuniiCThj Jounxn] oj Mffltrmc 


I or VI / Acir 




ft*. 




% 










I i<i 4 Crto<^ !G J)umtjon of oipht dA\« rulminntmp hepatitH Lnor rc*<luc*o<I in «;j7o 

Smootli rnp^iilo Hoinop( nc-ous mirfm*o clotp n*d fo]onr» inth siibcapsulnr and parcnclnmal 

ImcniorrliQpcs 




► rr' 


















-rf 






l.r », 






I ui I ( u^* .G niira(»«*nof(U^n»f' n«lnM» Xo<h»larh\'j orplnpin Li\crwoip)irHn 47(>pni Wido 
h[ip n»l ( nort-< lit ntf*Ti' •Tit ion lin\i rpviiliofi in a i::ro'^iK nfKlulnr li\cr who-^' pn % u'^l Htronui is 
inunMih MnridrMl with nifivu<M of h\ porplasiK pnnnn|i\nim 



Toiinidl of Mfihrinr 

To! A \'l, A'fir Smtf, 



1 In 0 Oiimtioii of <lis>*nno 70 <lii\it flhowod notlulnr h\pomliv<in) 

Cnioii w holt.* ( in uinu'n n< ( nprcnt! fiat nftor oni^ lonpUudinnl mrisioii nliouinc bulging 
fold*! of gulal innii** iH'doiim ilitdortiiig tin imico«nl pnttom 



Kro 7 Cnso A 20 Dumtion of tliBon-ip 20 fln\8 (Lncr slioired nodiilnr lij-perplasin ) 
Colon m tmn‘i\f>rfio and snpittnl section sliowinp deep rod tm-ollon oodeinntous mucosa 

(Tigs 4 to 7 nro pliotopmpliic reproductions of water colour pnmtmgs made h\ ono of 
tlio outliora (J I S ) immodintoh after autopsj ) 



firfrrlij JournnJ of MciUcin 


I ol A VI Sftr Sfnct 









•r/i/ Joitninl oj Mrtltrtnr 


I ol A Vlf Ntw SentJ. 


f 





I Id l- Ci\M> T IJunitiou (if li(>jmtitH 

II (ln\t( Au ur\<n iii ^^llull In piitu (rlU 
lm\o Ih.'i'ii nlinosl c<imiil('tc K df^trincd 
niul tlu> Hlromn m net uimnl li\ nmnw 4 <tf 
prulifcniloil liild (liutn A fi w i Iuiiijh of 
KiiniMliR li\or rolU lm%(' tnVcii on pro 

jifi'rntuo lutu it\ -H 




tiQ 14 Com ^7 Duration of hepatitis 
18 dn\^ A tN'picnl incturo of nodular 
In-ponilnBrn An ovtroinoly rneoulnr and 
cil ulnr fltromn mirrounduig islots of now 
^ronohvmn There is no lobular nrmn^ 

I” .1-1.. .^At^Tnafm tlRfltlO X 44 




•■It -yy. *.v 




1 ID n Dim> _’l Viimtioi) of hepatitis 
lit dn\H The lobular rtrnnnnts are more 
or !(“« outlined b^ small proliferating bile 
(huts X SO 






















'^1 




■tt' 


-‘*«a 












sis 


p 














Fio 15 Case 20 Duration of hepatitis 
1 7 da j 8 Tm o nodules of regenerated paren 
ohvma intadod and spUt up by fibrous 


Ai uajo j. ,, V/ 

ohyma intndod and spUt up by fibrous 
tissue There is condensation of the fibres 
betireen the nodules (W ilder’s retioulm 









Tifrhi Journal of VfiUnn* 


To/ VJ/ 2^cir ^rne 



l-Ki Ifl 7 Diimtion oflit (mlili** 00 dnv-i DifTnM> hoj)ntic fihro^'i'? \ 

uhIo 7O1J0 of |K ni>orl4il t'onntctive tio'<uo %\ith ])robronitc d bilr ihitln and n 
inodonitc cellular rtu«tioii Fho Ic-^iou h ‘^‘cn c\t<rHln 4 r oromul tlic 
lohnlcs X CO 



lo I< ( s I >uriitaai «>f )i« p iliiis 1 1<> 4l{u K MifTn 
It I nil id r\» t* ^larl |v ni»<>rt4il w ith I \ 

tt lafflt rt< »<»M nrid f f»il* Win? f'lnaati >ti il / luti i-* 
• \t‘ ii l»t,^ frruti r«Mir |w»rtiil tfa« <u««I **tirTotiri I>rj« a 
Jol llll Ml 










237 


616 74-009 


THE EFFECT OF THE INJECTION OF ACETYLCHOLINE 
INTO THE BEACHIAL ARTERY OF NORMAL SUBJECTS 
AND PATIENTS WITH jrTASTHENIA GRAVIS ^ 

Br ANDREW WILSON an’d H BERRINGTON STONER 

(From the Departments of Pharmacology, Therapeutics, and Pathologj , 
University of Sheffield, and the Royal Sheffield Infirmary and Hospital) 

Im the light of current views on neuromuscular transmission there arc at 
least three jKissible explanations for the phenomena of myasthenia gravis, 
namely excessive cholinesterase activity at the myoneural junction, the 
insufficient production of acetylcholine at the motor end-plate, or the inter- 
ference in the normal action of acetylcholine by substances with a curare- 
mimctic action In our previous work (IVilson and Stoner, 1944) we have 
been chiefly concerned uith the first and last possibilities, and our results 
have led us to believe that substances of a curarc-mimetic nature are circu- 
lating in the plasma of these patients No systematic study’ of the second 
possibility was undertaken, but it was shown that patients with myasthenia 
gravis reacted normally to the subcutaneous injection of pilocarpine, which 
supports the clinical evidence that where acety Icholinc has a muscarine effect 
it IS produced in normal amounts Attempts to supplement a supposedly 
inadequate production of acety Icholmc-at the motor nerve endings by giving 
acety Icholinc by subcutaneous or intramuscular mjection have usually proved 
unsuccessful (Cooke and Passmore, 1930 , Kennedy and Wolf, 1937 , Kolb, 
Harvey, and Whitchill, 1938, Bennett and Cash, 1943), although Era'^er, 
JIcGcorge, and Murphy (1937) reported improvement in muscular power 
after large do'jes The failure of these attempts is not surprising in view of 
the rapid destruction of acctydcholinc in the body’ It is doubtful if acetyl- 
choline gi\cn by these routes uould ever reach the desired point of action in 
an active form Consequently, in order to te=4- the hy’pothcsis that there is 
in'Jiifllcicnt production of acetylcholine in mi asthenia gravis as in denervated 
muscle, with resultant by pcrsciisitn il\ to injected acetylcholine, the principle 
of close-arterial injection ns used in animal experiment has been applied to 
man This was first done by Lanari (1937), who injected 40 mg of acety 1- 
chohiie into the brachial arteries of two patients witli myasthenia grans and 
observed a pnuerfiil contraction of the fore-arm muscles similar to that which 
occurred after a similar injection in patients in uhom thc=c muscles ■were 
denervated This type of response was not seen in normal subject® 'where 
the intrabrnchial injection of acety Iclioltiie in tin® dosnue produced no nico- 
tine efitet® (Bntlro and Lanari, 1930) T hese findings were more fully 
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invcstigntcd by Harvey, Lilicnthal, and Talbot (1941), who studied the 
response to the intrabrnohinl injection of 10 to 60 mg of acetylchohne in 20 
normal subjects TJiey found that the injection was followed by vasodilata- 
tion and sweating in the evtroinitj' These features were accompanied by 
severe pain, wliieli passed down the fore-arm into the hand, and a sensation 
of foreeful flexion of the fingers, palm, and wTist, although no movement was 


Table I 


The ^xcoUnc Effects seen after the Injection of Accti/Icliolme tnto the 
Brachial Artery of Normal Subjects 


Case 

Dose 


Involun- 

Controll- 

Muscle 

Fasci- 

(mq ) 

Muscle action 

tary 

able 

poiocr 

dilation 

20 

40 

None 



Loss 

Slight in 
flexor 
muscles 
of fore- 
arm 

21 

40 

Flexion of fingom 
with adduction of 
thumb 

Yes 

Yes 

No change 

Absent 

oo 

40 

None 

— 

— 

ft ft 

ft 

23 

40 


__ 

— 

tf ft 

ft 

24 

40 

«» 

— 



ft ft 

ft 

25 

40 

Flexion of medial 3 
fingora for 10 sec 

Yes 

No 

Loss for 2 mm 

ft 

20 

40 

None 



Slight loss 

after 1 mm 
for 1 mm 

ft 

27 

40 

Slight flexion of 
fingers 

Yes 

Yes 

Slight loss 

ft 

28 

40 

None 


— 

Very slight 

loss 

ft 

2D 

40 

Adduction of thumb 
and sligiit flexion 
of fingers 

Yes 

Not the od- 
duction 

Slight loss 

tf 

30 

40 

Slight adduction of 
thumb 

9f 

Yes 

ft ft 

ft 

31 

40 

Slight adduction of 
thumb 

99 

r» 

No change 

tt 

32 

40 

Adduction of thumb, 
followed bj mark- 
ed flexion of the 
fingers at the meta- 
corpophnlnngonl 
joints 

tf 

No 

Loss 

ft 


seen Not only did no movement occur, but the hand became partially 
paralysed so that the power of the gnp was reduced and the fingers could 
bo only feebly flexed Movement was seen in only one subject and on four 
occasions fasciculation ocourred These effects were attributed to an excess 
of acetylchohne at the motor nerve endings In eight cases of myasthenia 
gravis Harvey and Lilienthal (1941) found that although the muscanne effect 
and sensory changes were the same as m normal persons, a vigorous motor 
spasm occurred instead of the transient paresis The spasm consisted of 
vigorous flexion of the fingers, hand, and wnst, occurring a few seconds after 
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the injection and lasting 10 to 15 sec There vras no change in the power 
of the grip of the hand after the contraction had passed off, nor was any 
fasciculation seen These authors concluded that in myasthenia gravis the 
production of acetylcholine is reduced, thereby resembling a state of fimc- 
tional denervation In \uew of the importance of these results in the solution 
of the problem of myasthenia gravis and since this is the only finding at 

Table IT 


T/ic jVtcoltnc Effects seen after the Injection of Acetylcholine into the 
Brachial Artery of Patients with Myasthenia Gratis 


Case 

Dose 

(laj) 

Mittde action 

dncolun- 

tary 

Controllable 

Muscle poiccr 

Fasetcu- 

lation 

1 

40 

Flexion of 3 medial 
fingers 

Flexion of nil fing- 

Yes 

Yes 

Slight loss 

Ab'-ent 

3 

40 


Yes except 

7s o change 

f* 

4 

10 

ers and thumb 

7s one 


3rdnnd5tli 

fingers 


tt 

4 

80 

Flexion of fingers 

Only first 

Yes 

Lo«s 

f. 

6 

40 

Mono 

finger 

„ 

Xo change 

» 

Prc'cnt 

7 

40 

ft 

— 

— 

Absent 

6 

30 

Plexion of fingers 

Yes 

iSO 

Loss 

t 

9 

35 

ICono 

— 

, — 

Ts^o change 

t* 

12 

40 

Sheht flexion of 

Yes 

Yes 

Loss 

, 

15 

40 

littlo and ring 
fingers 

None 



Xo change 

ft 

10 

30 

h'lcxion of fingers 

Yes 

Xo 

•• • 

»» 

17 

40 

Kone 



, — 

»* »» 

ft 

18 

10 

tt 

— 

— 

»» » 

ft 

18 

40 


— 

— 

Slight increa'o 

ft 

18 

SO 

f * 

— 

— 

Xo chance 



^a^mncc with the new that the threshold to aceli Icholinc is raised in 
mjasUioma grans, we decided to repeat these cvpenmeiils 


Method 

Tlie technique of Lanan (1937) and Harvey, Lilientlml, and Talbot (1941) 
was used Solutions of aceti Icholuio were fre=hl\ prepared In di«.sohjng tlic 
appropriate dose in 2 c c of sterile saline Tlie skin over the brncliinl nrlcn 
at the clbon was anaesthetized with 2 per cent procaine uliicli nas nLo 
infiUriitcd into the tissues around the artcri The needle of tlie siringc uas 
introduced into the arterj, the arteri inanualh occluded above the site of 
injection, and after rapid injection of the solution of acctilcholinc the 
occlusion uav rclcnsod. The nicotine ofTects, flexion, loss of muscle jrouer 
and fasciculation, and the muscarine effects, vasodilatation, and swoatiiur, 
ncre then observed m the injected cvtremitv Subjective sensations and 
complaints of pun nere also recorded The observations were made on 
13 normal subjects and 12 patients vvith mvasthenia gravis not under the 
infliicnc' of prostigmme 
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JiesjiUs 

Tho nicotine olTccts seen in the normnl subjects and in the patients with 
myasthonin gravis after the injection of ncetyleholino are recorded in Tables I 

Table HI 

The 3tvscannc Effects seen after the Injection of Aceiytcholme into the Brachial 
Artery of Normal Subjects and Patients with 3Iyast!ienia Gravis 


Flush 


Case 

Dose 

im) 

Ami 

Forcami 

Hand 

Fingers 

Sweating Pam 

20 

40 

n 

_ 

Normnl subjects 
— + 4++ 

None, forearm numb 

21 

10 

II 


4 

— 

+ 

Cried out, forearm and 

22 

40 

L 

— 

4 


4 

fingers numb 

None 

23 

40 

n 

+ 

— 

— 

— 

Tingling as if fingers and 

24 

40 

li 

+ 





wrists were pulled up 
Tingling and sbght pain 

25 

40 

n 

+ 

4 


4 

m fingers 

Severe, ‘like red hot bar’, 
ns if arm pulled up 
None 

25 

40 

L 

+ 

, 

4 

4 

27 

40 

R 

4- 

4 

4 

444 

None, arm felt dead 

29 

40 

L 

+ 

4 

4 

4 

Pins and needles 

30 

40 

R 

4 

4 

4 

4 

So\ ore, like hand cut off 

31 

40 

R 

4 

4 

4 

4 

None 

32 

40 

L 

44 + 

4+4 

+4+ 

4+4 

Moderate in foreorm and 

28 

40 

R 

4 

4 

4 

4 

back of band 

None 

1 

40 

R 

Patients with 

+ — 

mynsthenm g^a^ 

+4 

IS 

Severe pain forearm Cho 

3 

40 

L 

44 


4 

44 

kmg sensation 

None, ns if wrist drawn up 

4 

10 

L 

4 

4 

4 

4+ 

Moderate in forearm and 

4 

80 

L 

4+4 

+4 

4+4 

444 

fingers 

Severe pnm, fingers and 

6 

40 

L 

4 

4 

4 

4 

wrists, ns if wnst pulled 
up 

None 

7 

40 

R 

4 

— 

4 

4f- 

Severe Bunung sensa 

8 

30 

L 

4 

__ 


. 

tion forearm 

Severe Cliokmg sensa 

S 

35 

L 


4 


4 

tion 

Tmglmg m forearm 

12 

40 

L 

4 



4 

— 

Severe Forearm numb 

15 

40 

R 

4 


4 

_ 

and ns if pulled up 
Severe, as if arm crushed 

10 

30 

L 

4 


_ 

+4 

m a vice 

Severe, as if orm pulled up 

17 

40 

R 

4 

4 

— 

— 

Severe Fingers numb 

IS 

10 

L 

— 

— 

— 

— 

None 

18 

40 

L 

4 

— 

4 

— 

Pricking sensation 

18 

80 

R 

4 

— 

4 

4 

Severe, like arm out off 


and II and summarized m the Figure These results show that a Qexion 
response occurred m an almost equal number of cases in each group The 
flexion response was confined to the fingers and, although involuntary, could 
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Tisaally be controlled br the patient, n-ho was able to extend the fingers and 
counteract it "Where the contraction occurred in patients with myasthenia 
gravis it did not differ from that seen m the normal subjects and did not 
resemble in extent or intensity the striking response descnbed by Lanari 
(1937) and Harvey and Lilienthal (1941) Indeed, the nearest approach to 
this was seen in two of the normal snbjects (Cases 21 and 32) Signs of excess 
acetvlcholine did not occur in every normal subject, but the loss of power in , 



-Total fijmber of cases 

, — fi’jirber with n cobne Effects 
-Mucibcr with flexion 

P_f'umber with loss of musde po^-er 
, — Kunber with fasorculation 

I — N'orber rabb flexion + 
I loss of muscle pover 


sx 




i 


^Normal subjects | 


Paticrts vnth 
r-usstbar a gravis 


Dincrammatic eummaiy of the nicotine effects observed after the 
intra-brachiftl injection o! ocebrlcholme m 13 normal subjects and 
12 patients mth myasthenia gravis 


the hand was more frequent in that group (see Figure) The paresis was 
partial and persisted for one to three mmutes In a number of cases (see 
Figure) the flexion response was followed by loss of power in the hand grip 
This suggests that a concentration of acetylcholine sufficient to produce 
stimulation was followed by a greater concentration with resultant depression 
The muscanne effects observed after the intra-artennl injection of acetyl- 
choline arc shown in Table III In order to assess the varying degrees of 
flush and sweating a system of symbols was devised whereby a definite effect 
IS indicated by (-i-), a pronounced effect by (-M-) and a very marked effect by 
(■M-J-) It will be seen that the distribution and intensity of these effects varied 
considerably from case to case in each group The onset of the flush usually 
occurred within two to G\e seconds and spread from the forearm to the 
wrists and fingers In some instances the flush was preceded by pallor of 
the finger^ and in the=c subjects the appearance of the flush was delai cd for 
as much as 60 see Where this vasoconstriction of the fingers uas observed 
it was usualli , but not always, associated with sweating of the palmar surface 
of the band The flush disappeared graduall\ and in some cases had com- 
plctclj disapjioarcd after six minutes, m other subjects, however, it was still 
present after 20 min The time of appearance and duration of sweating was 
as varied a® was the vasodilatation, and no correlation was observed between 
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Itcsxdts 

Tlic nicotine olTcctq seen m the normnl subjects and in the patients with 
mynsthonin gravis after the injection of acetylchobno arc recorded m Tables I 

Taulb III 

The Mmcarim EJfccls seen after the Injection of Acetylcholine into the Brachial 
Artery of Normal Subjects and Patients with Myasthenia Gravis 


Flush 


Case 

Dose 

(my) 




rorcarm Hand 

Ftnffcrs 

Sweating Fain 

20 

40 

R 


Normal subjects 
— + +++ 

None, forearm numb 

21 

40 

R 

-t- 

4- 

— 

+ 

Cried out, forearm and 

no 

40 

L 

. 

'4- 


+ 

fingors numb 

None 

23 

40 

R 

+ 

— 

— 

— 

Tingling ns it fingers and 

24 

40 

R 

4- 




- - 

wrists wore pulled up 
Tingling and slight pam 

25 

40 

R 

+ 

4- 

_ 

+ 

m fingors 

Sovero, ‘like redbotbar’, 

20 

40 

L 

+ 


+ 

+ 

ns if nrm pulled up 
None 

27 

40 

R 

+ 

4" 

+ 

+4+ 

None, arm felt dead 

29 

40 

L 

+ 

4- 

+ 

4 

Pina nnd noodles 

30 

40 

R 

+ 

4- 

+ 

4 

So\ oro, like bond out off 

31 

40 

R 

+ 

4- 

+ 

4 

None 

32 

40 

L 


4+4 

+4+ 

444- 

Modornte m forearm and 

28 

40 

R 

4* 

+ 

+ 

4 

back of hand 

None 

1 

40 

R 

4- 

Polionta with m\ asthenia gra\n9 

— — 4+ 

Severe pain forearm Cho 

3 

40 

L 

44- 


+ 

4+ 

kmg sensation 

None, ns if wnst drawn up 

4 

10 

L 

+ 

+ 

+ 

44 

Moderate m forearm and 

4 

80 

L 

444- 

+4 

+4+ 

444 

fingers 

So\ere pam, fingers nnd 

0 

40 

L 

4* 

+ 

4 

4 

wrists, ns if wnst pulled 
up 

None 

7 

40 

R 

4- 



+ 

4+ 

Severe Burnmg sensa 

8 

30 

L 

+ 



_ 

tion forearm 

Severe Choking sensa 

9 

35 

L 


+ 


4 

tion 

Tinglmg m forearm 

12 

40 

L 

4- 

— 

+ 

— 

Severe Forearm numb 

16 

40 

R 

4- 


+ 

__ 

nnd as if pulled up 
Severe, ns if arm crushed 

10 

30 

L 

4 



44 

m a vice 

Severe, ns if arm pulled up 

17 

40 

R 

4 

+ 



— 

Severe Fingers numb 

18 

18 

18 

10 

r, 

___ 




— 

None 

40 

L 

+ 

- - 

+ 

— - 

Pnekmg sensation 

80 

R 

4- 

— 

+ 

4 

Severe, like arm cut off 


and II tind summarized in the Figure These results show that a flexion 
response occurred m an almost equal number of cases in each group The 
flexion response was confined to the fingers and. although involuntary, could 
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always rapid, the solution of acetylcholine being immediately and rapidly 
mjected into the artery The vanabihty m the muscarme effects is most 
easily explained by assunung that the distribution of the injected acetyl- 
cholme to the shin structures varied from case to case If this assumption is 
justified it is reasonable to suppose that the distribution of the acetylchohne 
to the fore-arm muscles also varied in a similar fashion These experiments 
do not fulfil their object in imitatmg the close-artenal mjection techmque of 
animal experiment, since in the latter the distribution of the mjected drug 
IS carefully controlled This factor of variable distribution probably explains 
the absence of nicotme effects after the mtrafemoral mjection of acetyl- 
choline m normal subjects (Ellis and Weiss, 1932 , Canmchael and Fraser, 
1 933) and in patients with myasthema gravis (Fraser, McGeorge, and Murphy, 
1937), smce the mass of tissue m the thigh is greater than m the arm In our 
opmion there is no evidence that the response to mjected acetylchohne is 
a reliable diagnostic test for myasthenia gravis 

Summary 

1 The mcotine and muscarme responses to the intrabrachial injection of 
10 to 80 mg of acetylchohne have been studied m 13 normal subjects and 
12 patients with myasthenia gravis 

2 No stnkmg differences were observed m the nicotme response of normal 
subjects and of patients with myasthema gravis Myasthenic muscle was not 
found to be peculiarly hjqiersensitive to mjected acetylchohne 

3 The muscarme responses vaned from case to case This vanabihty is 
discussed m relation to the reliabihty of this method of tcstmg the sensitivity 
of muscle to injected acetylchohne in man 

Our thanks arc due to Professor E J Wayne for access to the cases under 
his care Wo arc indebted to Mr E Salvm for valuable technical assistance 
Part of the expenses of this research were defrayed by a grant from the 
Medical Research Council to one of us (A W ) , the other (H B S ) receives 
a whole-time personal grant from the same source 

REFERENCES 

AcUe<on, G U (1044) J i^erv and Silent Dis 100, 010 

Rattro, V , and Lnnan, A (1030) Rcd Art/cnt dc Cardiol 3,31 

Ronnett, A E , and Cosh, P T (1943) Arc* Ncwol and Ptijolnat 49.537 

Cnrmiclmel, E A , and Frnacr, F R (1933) Htorf, 16, 203 

Cooko, A M , and Passmore, R (1936) Quart J Med NS 5, 21 

Ellis, Ij R , and \Vc\ss, S (1032) J Pharmacol and Exp Thcrap 44, 235 

Fraser, F R , McGcorpa, -M , and Marphj, G E (1937-8) Olm Sci 3, 77 

Rnriey, A M , and Lilipntlml, J L (1941) Riill Johns Boplnna Hasp 69,500 

and Talbot, S A (lOU) iOirf 69,629 

KennwU , F , and Wolf, A (1037) Arcli Neurol arvl Psychiat 37,08 

Kolb,L C.lIanpv.A M .andWhilcbill.M R (1935) Bull Johns noplins Hasp 62,188 

I.aimri, A (1037) Comptes /lend Soc Biol 126, 827 

Wilson, A , and Stonor, II R (1044) Quart J Mtd NS 13, 1 

IQ J JU NO.CI) e 



242 QUARTERLY JOURNAL OF MEDICINE 

the Audi nncl swontuig The type of nicotine effect was not related to these 
variations m muscarine effects 

Fain uas not a constant feature of the injections Some patients ex- 
perienced no pain, otlicrs only a tingling or numbness of the forearm or 
fingers Four normal subjects and 10 patients with myasthema gravis com- 
plained of moderate to severe pain, which Avas not related to the dose of 
acetjlchohno used TJio complaint was made usually within one to five 
seconds of the injection and lasted for two to three minutes It was desenbed 
variously ns a burning sensation, a crushing sensation, or a severe numbness 
ns if the hand had been out off Several patients in each group described 
a sensation ns if the w nst or arm were pulled up, but this was not related to 
the actual occurrence of inAoluntnry flexion Two patients (Cases 1 and 8) 
complained of a transient choking sensation which occurred about three 
seconds after the injection, otherw iso no general effects wore observed to 
follow the injection Wc had an alarming experience with one patient with 
myasthenia gravis (Case 4) after the injection of 80 mg of acetylcholine into 
the left brachial artery' Forty seconds after the injection she complained of 
feeling very faint, and within 20 sec she gasped twice very deeply and 
ceased breathing She was completely pulseless for CO sec, and after two 
rapid deep breaths her face became very pale and sweated profusely During 
this time the right forearm was deeply flushed and there was partial flexion 
of the fingers of the right band Two minutes after the injection she was 
quite conscious and one minute later her pulse and respiration were normal 
Although another patient (Case I8j had previously been given a similar dose 
w itliout incident, we did not feel justified in pursuing the mvestigation with 
doses of this magnitude 

Discussion 

Wo have observed no evidence of a striking difference in the sensitivity 
of normal and of myasthenic muscle to acety Icholine injected mtra-artenally , 
nor have w e been able to demonstrate that myasthemc muscle is pecuharly 
hypersensitive to acetylcholine This is in agreement with the recent obser- 
vations of Acheson (1944) It might bo argued that the reaction of the 
myasthenic patient would depend on whether the arm injected was parti- 
cularly affected by^ the disease at the time of the test In only two patients 
(Cases 7 and 9) w as the arm unaffected, neither of whom showed any nico- 
tine effeets This, however, docs not throw any hght on the difference m the 
response of all the other patients whose arms were affected There is no 
evidence from our experiments that the threshold to acetylohohne is raised m 
myasthenia gravis, except perhaps that the loss of power, which might be 
attributed to a depressant level of aoetyloholme, was seen more frequently 
in normal subjects than in patients with myasthema gravis Smee we care- 
fully followed the technique of Lanan (1937) and Harvey, Ldienthol, and 
Talbot (1941) we find it difficult to explam the differences m the results 
obtained by these workers and those recorded by us One possible pomt of 
variation may be in the rate of injection, which, m our experiments was 
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THE CRYPTOGENIC ACQUIRED HAELIOLYTIC 
ANAEmAS^ 

Br J A FISHER 

(From the Nuffield Department of Cbmcal Medicine, 

The RadcliEFe Infirmary, Oxford) 

Regent comment (Haemolytic Anaemias, 1940 , Haemolytic Anaemia, 
1941) emphasizes the unsatisfactory classification of the acquired haemolytic 
anaemias, and indicates the need for more chnical work and follow-up studies 
In addition to the acquired haemolytic anaemias which may be associated 
with a great variety of diseases and recognized haemolytic poisons, there is 
a heterogeneous group which is conveniently called cryptogenic or primary 
Although heterogeneous, it includes more or less typical sjmdromes such as 
the paroxj'smal haemoglohinurias, Ledcrer’s anaemia, and acquired haemo- 
lytic spherocytic jaundice , most cases, however, follow no common pattern 
The mam features of the group are a confusing terminology, an unknown 
aetiology, an obscure prognosis, an unpredictable response to splenectomy, 
a habihty to transient benefits and stormy reactions from blood-transfusion, 
an absence of response to any other known haemopoietic aid, and a complete 
lack of satisfactory pathological basis The outstandmg feature is acquired 
anaemia attributed to mcreased blood destruction, typically accompanied by 
evidence of increased blood formation The purpose of the present paper is 
to report and discuss 18 cases of cryptogenic acquired haemolytic anaemia 
from the records of the Anaemia Clinic and medical wards of the Radchffe 
Infirmarj'- These cases arc summarized and arranged for convenience of 
discussion into three main categories — miscellaneous, acquired haemolytic 
spherocytic jaundice, and haemolytic anaemia with paroxysmal haemo- 
globiniina Additional data are given in the Table 

MtsccUancoxis 

Macrocytic Eight cases with a mean corpuscular diameter greater than 
7 71 /i, or a mean corpuscular volume more than 90 c/z 

hormocylic Four ca»cs with a mean corpuscular diameter between 0 78 
and 7 71 /i, or a mean corpuscular volume between 76 and DC c /i 

lied cell size unknown Two cases in which the mean corpuscular diameter 
and mean corpuscular volume were not available 

Caie Summaries 
Macrocytic 

Case 1 R P , a loiith aged 16 years, had two observed hacmolj''tic epi- 
sodes , Ixith uorc brief and acute With the first episode there was jaundice, 

‘ Recei\c<l Mnrcli 71, 1917 


(QJM Nrw So.Cll 
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Normocytic 

Case 9 A B .avromanagedSTyears Chrome rheumatism Severe chrome 
haemoljdic anaemia, achlorhydria, abdommal cobc, and diarrhoea After 
splenectomy, gradual but complete remission, punctuated m the early stages 
by severe haemolytic crises 

Case 10 M B , a woman aged 39 years Insidious onset of anaemia, sbght 
jaundice, sore smooth tongue No achlorhydria Red cells showed markedly 
increased saline and mechanical fragility Gradual spontaneous remission, 
so far maintained for one and a half years 

Case 11 L W , a woman aged 68 years Two adult sibbngs died from 
anaemia Slowly progressive anaemia (mean corpuscular diameter 6 9 /i) 
with persistent reticulocytosis and jaundice No response to hver Gastric 
secretion not examined Death two years after onset 

Case 12 L S , a man aged 38 years Chronic mild Raynaud’s sjmdrome 
Onset of haemolytic anaemia associated with upper respiratory infection, in- 
crease m seventy of Raynaud’s syndrome, high titre of cold agglutmin, and 
raised serum-globulin Subsequent remission of anaemia, but persistence of 
reticulocytes, cold agglutmin, raised globuhn, and Raynaud’s syndrome one 
year after onset 

Bed cell size unhiown 

Case 13 P H , a female child aged 2 years 8 months A week after a cold, 
sudden onset of anaemia, jaundice, fever, and haemoglobmuna Sustained 
with blood transfusions, but no dramatic response Recovery six weeks after 
onset 

Case 14 K H , a male child aged 7 months Active rickets Diarrhoea 
for two weeks, then severe haemolytic anaemia Sustamed with blood trans- 
fusions, but no dramatic response Recovery two months after onset 

i 

Diagnosis In all cases the diagnosis was made because of anaemia, jaun- 
dice, and persistent reticulocytosis wnth a fallmg or unchanging level of 
haemoglobin Jaundice was always acholiino except in Cases 2, 6, and 8 In 
Case 2 the urine contained bde dunng the first three weeks , there was 
subsequent acholuria despite raised serum-bilirubm In Case 6 the urine 
contamed bile throughout the period of observation, when there was bio- 
chemical evidence of diminished hver function In Case 8 there was a 
transient episode of deep jaundice and choluna, over two years after the 
onset of haemoljdic anaemia It is recognized that haemolj sis is a 83 Tnptom, 
not a disease, and that the inclusion only of cases m which haemolysis is 
an outstanding feature is justifiable solely on the grounds of convenienee 
HncmDlj-sis may be outstanding onlj because of the lack of rccogmtion of 
other conspicuous features Popper (1938) has recently reminded us that 
this was formerly the case m pernicious anaemio, when he wrote, ‘One does 
not have to go verj far back in memorj to reach the days when pernicious 
anaemia was defined as an haemolytic anaemia with abnormal red cell 
formation, and I can well remember hearing discussions ns to whether a 
patient with pernicious anaemia exhibited sufficient evidence of haemolj sis 
to justifj remoi ing the spleen ’ 
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incningisinus, nnd transient coma With the second there was jilenral 
effusion and haomoglobinurin During both episodes there was neutrophil 
loucoponia Two and a half years later ho developed classical Wilson’s 
disease (hopato-lonticular degeneration) 

Case 2 J S , a man aged 46 years Rapid onset of anaenua, fever, jaun- 
dice, nnd bihrubinurin Palpable liver and spleen Radiological consolidation 
in lung Apparent complete recovery with normal haemoglobin five months 
after onset Subsequent haemoglobin normal, despite persistent reticnlo- 
cj tosis (4 per cent ) two nnd a half years later, when spleen was impalpable, 
liver palpable, and liver function normal 


Case 3 E T , a woman aged 48 years Insidious onset of severe anaenua 
nnd neutrophil loucoponia Splenectom 3 ' six months later, with immediate 
dramatic response, haemoglobin rising to 90 per cent within three months 
Gross liver djsfunction developed one and a half years after splenectomy, 
with oedema, ascites, pigmentation, and marked hepatomegaly Gradual 
recovery after a few months Five ymars after splenectomy, patient felt well, 
but had slight residual liver d 3 ’sfunotion 

Case J E R , a man aged 49 years Insidious onset of diarrhoea, fatigue, 
smooth tongue, and anaemia Jaundice after one year No steatorrhoea 
Slight biochemical dysfunction of liver, and neutrophil leucopema Imme- 
diate dramatic response to splenectomy, three months later, haemoglobin 
80 per cent , reticulocytes 0 1 per cent , recurrence of neutropema Seven 
months after splenectomy, haemoglobin 100 per cent, retioulocjdes 6 per 
cent , enlarged hver , followed in a few months by gross hver failure (haemo 
globin 112 per cent, neutrophils 11,180 per emm, reticulocytes 3 6 per 
cent ), the patient dying a few days later 

Case 5 G W , a man aged 41 years Insidious onset of anaemia and jaun- 
dice Diminished liver function Early haematuria, attributable to renal 
calculi and congenital hydronephrosis Fleeting benefit from blood trans- 
fusions and no rehef from splenectomy Death from anaemia six months 
after onset 


Case 6 P R , a woman aged 31 years Chronic malnutntion Insidious 
onset of anaemia, cough, and pleurisy Radiological lung opacity of undeter- 
mined nature Early transient response of anaemia to full diet with iron, 
marmite, and vitamin C Later, reticulooy tosis of 37 per cent (highest 
recorded) three days after 12 c c of B D H hver extract intramusoularly, 
without corresponding rise m haomoglobm Histamme-fast aohlorhydna No 
benefit from splenectomy , haemoljjdric anaemia still present (haemoglobm 
34 per cent ) two years later 

Case 7 D P , a woman aged 22 years Recurrent haemoljdiic crises every 
few months with rapid spontaneous recovery No apparent preoipitatmg 
cause Abnormal plasma albumin-globulin ratio 


Case 8 D S , a male child aged 6 months Diarrhoea since birth 
hlarasmus Subacute onset of anaenua Dramatic and prolonged response 
small blood transfusions, but eventual recurrences Splenectomy, three years 
after onset, with doubtful benefit Reticulocytes before splenectomy were 
iisuallv 3 to 4 per cent , and haemoglobin 26 to 60 per cent , n 

tomy, durmg the subsequent two years of observation, reticulocytes 10 

20 per cent , haemoglobm 60 to 70 per cent 
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disease), no earlier liver disease having been observed The second (Case 5) 
shoved concurrent hver damage The third and fourth (Cases 3 and 4) 
developed gross liver damage after having been cured of the anaemia 
In Case l,the earliest clinical evidence of possible cerebral damage, at the 
time apparently very transient, occurred ]ust before the first haemolytic epi- 
sode, at the age of 16 years There was no family history of relevant disease 
and no history of erythroblastosis foetalis There were two brothers, one of 
whom died aged four months of whoopmg cough , the other was killed in a 
car accident when aged 10 years "When TVilson’s disease appeared, two and 
a half years after the first haemolytic episode, it was descnbed as classical 
in type, and Kayser-Fleischer rings of comeal pigmentation were observed 
The evidence of eventual liver damage is presumptive and is based on the sub- 
sequent development of Wilson’s disease Liver function was not estimated 
dunng the haemolytic episodes There appears to be no previous reference in 
the literature to Wilson’s disease as a sequel to acqmred haemolytic anaemia 
The sequel may have been a chance one and its rarity forms an interesting 
contrast to the frequency of chronic nervous disease and the known occur- 
rence of jiivemle cirrhosis as a result of erj'throblastosis foetalis Attacks of 
jaundice and symptoms referable to acute hepatitis are, however, known to 
occur sometimes in Wilson’s disease before the onset of the nervous symptoms 
(Walshc, Collier, and Adie, 1937) In the present case jaundice was much 
more evident than the sbght anaemia, and the reticulocyte count was a use- 
ful indication of the factor of haemolysis There seems to be a possibihty 
that the attacks of jaundice known sometimes to precede Wilson’s disease 
arc not invariably the result of acute hepatitis Wilson’s disease, although 
rare, is often familial and it would be of particular interest in such famihes 
to observe the reticulocyte and haemoglobm levels dunng any attacks of 
jaundice to ascertain if haemolysis is ever a factor in such cases 

Tiiere are grounds for considering in Cases 3 and 4 that splenectomy, 
curing the anaemia, contributed to the subsequent hver failure Additional 
details of these cases are as follows 

Case 3 Onset of anaemia in 1941 One month before splenectomy the hver 
was palpable and the spleen enlarged Liver function tests showed total 
plasma-proteins 6 8 gm per 100 c c , phosphatase 7 units, 87 per cent excre- 
tion of sodium benzoate as hippunc acid within four hours, serum-bilirubin 
I mg per 100 c c , and verj slightly abnormal elevation of glucose and 
Incviilose curves Wassermann and Kahn reactions positive Consistent neu- 
trophil leucopcnia before splcncctomj, between 1,144 and 1,080 per c mm , 
with maximum total leucocytes of 3,600 per c mm Typical blood picture, 
haemoglobin 40 percent , red cells 2,000,000 per c mm , reticulocytes 10 per 
cent , mean corpuscular diameter 7 82 /i, mean corpuscular volume 90 6 c 
Splenectomy, six months after the onset, shoued a liver nhich appeared 
normal Nitrogen balance vas negative (approx 1 0 gm per diem) before, 
and for the tvo-wcek. period after, splenectomy The operation nas followed 
at once bj a permanent rctumof the leucocytes to normal levels Prc-operativo 
tranofiwioiis had raised the haemoglobin to 72 per cent and this level, mth- 
out >«ubscquent transfusions, rose above 90 per cent within three months. 
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PrcccdtiiQ (hsccifscs Tlio only notable preceding disease was tnberculosia 
Tlicro was a history of remote tuberculous infection in five of the 11 adult 
oases of the senes In none was there evidence of a recurrence of activity 
with the onset of anaemia , and in all the period of preceding quiescence was 
at least five vears The manifestations of tuberculosis were cervical adenitis 
(Cases 9 and 10), pleurisy (Case 6), and pulmonary tuberculosis (Cases 3 and 
11) This incidence of quiescent tuberculosis is remarkably high, although 
the significance of the finding can bo decided only from further cases The 
association of active tuberculosis with haemolytic anaemia was observed by 
Widal, Abrami, and BriiI6 (1007) and Chauffard (1914), who regarded here- 
ditary sj'plnhs and tuberculosis ns the most common associated factors 
Jloro recent literature refers to the association with tuberculosis of the spleen 
(Engolbroth-Holm, 1938) and the spleen and Ijrniph nodes (Thompson, 1936) 
Diseases associated with the onset A presumptive respiratory infection was 
related to the onset in four cases In one (Case 13), an infant, there was a 
cold for the previous week. In one (Case 2) there was radiologically a patch 
of pneumonitis, with fever and dark urine In Case 0 there was an insidious 
onset of anaemia and cough , six months later, on first examination, there 
was low-grade fever, cough, and a pleural rub Radiologically there was 
consolidation in the right lung and a pleural effusion on the same side The 
consolidation and the effusion cleared slowly , the sputum gave no clue to 
the nature of the lesion In the fourth patient (Case 12), symptomless 
anaemia and jaundice first appeared after two heavy colds 

In Case C the serum contained an nutohaemolj'sm active at 37° C , and m 
Case 12 there was a high titro of cold agglutinin, active in a thermal range 
from 4 to 34° C These were the only cases m the whole senes m which could 
bo demonstrated substances in the serum of an immune-body type which 
were active ni vitro against the patient’s red cells The findings suggest the 
possibility that an antigen associated with infection may at times stimulate 
the production of an antibody active against red blood cells It is not sug- 
gested, however, that in Case 6 the autohacmolysm played any active part 
in the production of excessive haemolysis within the body The very fact 
that surplus haemolysin and unhaemolysed red coUs were available for an 
in vitro demonstration of haemolysis at body temperature is good evidence 
of the in vivo inadequacy of the haemolysin 

In two cases there was evidence of malnutrition In one (Case 6) the 
habitual diet had been chiefly white bread and tea In Case 4 the diet was 
normal, but for q year before jaundice appeared there was diarrhoea and 

wasting , 

In one patient (Case 1) the first haemolytic episode was associated witn 

a cerebral disturbance of unknown nature, an association of particular 
interest because the patient developed hepato-lenticular degeneration two 
and a half years later 

Liver function Four patients had a related liver dysfunction ^ 

(Case 1) had the late sequel of hepato-lenticular degeneration (Wilsons 
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c mm , reticulocytes 3 6 per cent , total leucocytes 13,000 per c mm , neutro- 
phils 11,180 per c mm The patient died a feir days later 

Post-mortem e'cammation shoived osteoporosis of the nbs, sternum, and 
vertebrae, all of which contained red marrow The femur showed red marrow 
evtcnding along the whole length of the shaft There was extensive broncho- 
pneumonia The liver weighed 3,708 gm , its cut surface showed jaundice, 
fatty change, and areas of congestion Microscopically the hver showed 
widespread areas of necrosis and haemorrhage , in the sinusoids there was 
an intense infiltration with neutrophils and mononuclear cells , surviving 
hver cells showed fatty and pigmentary change There was no evidence of 
hepatic cirrhosis 

The sequence of events m Cases 3 and 4, the appearance of the hver at the 
time of splenectomy, and the relatively shght pre-splenectomj’’ disturbance of 
hver function, suggest that the condition was not merely increased destruction 
of red blood-cells occurring durmg the course of an estabhshed cirrhosis, such 
as may occur m atrophic cirrhosis (Watson, 1937) or Hanot’s hypertrophic 
cirrhosis (Eppinger, 1920) Eatty change and granular degeneration are 
known to occur m some cases of haemolytic anaemia (Rich, 1930, Farrar, 
Burnett, and Steigman, 1940), disturbances which could have contributed to 
the hver damage, but which m themselves do not explain why severe hver 
damage appeared only when the haemolytic anaemia had been cured That 
severe liver disease followed the two most successful responses to splenectomy 
is hardly a paradox which occurred by chance Although the primary cause 
of the hver damage m these cases is not known, there was a possible con- 
tributory damaging process which is consistent with the sequence of events 
and merits consideration because of the known lU effects of protein malnu- 
trition on liver disease The details of this subsidiary process are as follows 
There was evidence of excessive loss of bodily protein before splenectomy 
and the protem intake was subject to the dietary restrictions of the war 
period In Case 3 there was a negative nitrogen balance and a total plasma- 
protem of 6 8 gm per 100 c c In Case 4 there was chronic diarrhoea, loss of 
weight, and a plasma-albumin fallmg from 4 2 to 3 1 gm per 100 c c Dunng 
this period the spleen, presumably the major site of the excessive hacmolj'^sis, 
delivered the products of haemolysis to the hver as a protem supplement 
via the splenic vein — a priority protem supply cut off by splenectomy 
Surgical operations in themselves are known to increase protem destruction 
(Cuthbertson, 1946) and splenectomy doubtless produced this additional effect 
The successful cure of the anaemia by splenectomy caused a still further 
depiction of the protein stores of the body' because of the demands made by 
the additional synthesis of haemoglobin (Heath and Taylor, 1930 , Holmes, 
194 6) ns the haemoglobin level rose to normal 

In terms of protein supplies available to the liver, it therefore seems 
probable that m thc^e two ca^cs splenectomy nns one of several factors 
causing depletion, and that the depletion was greater because the sploncctoni\ 
vas successful Until the relative importance of this effect of splenectomy 
can be assessed by more extensne observations, it seems reasonable to suggest 
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remaining above it thereafter The rcticulocytas, reduced by pre-operative 
transfusions to 1 0 per cent , rose to 3 2 per cent on the fourth day and sub- 
sequently remained at or below 2 0 per cent At the eighteenth month after 
Rplcncctomv tlio patient folt very well, but the liver was greatly enlarged, 
and BIX months later she developed oedema, ascites, a spider naevus on the 
face, cyanosis, dyspnoea, and skin pigmentation Plasma-albumin 3 0 gm 
per 100 0 0 , plasma-globulin 3 2 gm per 100 c c , Takata-ara reaction positive, 
phosphatase 00 units, hilirubin 0 2 rag per 100 c c , haemoglobin 110 percent , 
mean corpuscular volume 02 6 c /t The symptoms of severe liver dysfunction 
persisted for several months, then gradually regressed Pive years after 
splenectomy (the most recent observation) the patient felt very well and 
lived a normal life, but there was slight residual liver dysfunction (albumin 
3 7 gm ])er 100 c c , globulin 3 30 gm per 100 c o , phosphatase 4 units, Takata- 
nra reaction weak-positive) The Wassermann reaction became negative soon 
after splenectomy, positive three months later, and negative after the 
following three months The positive reactions were not attnbuted to 
sj philis 


Case 4 The patient was first examined in 1942 after having had diarrhoea, 
exertional dyspnoea, loss of weight, increasing pallor and fatigue for the 
previous jear, and jaundice for the previous month At this stage, one year 
after the onset, the spleen was moderately enlarged, the liver not palpable 
Plasma-albumin 4 2 gm per 100 co , plasma-globulin 2 0 gm per 100 cc, 
phosphatase 10 units, scrum -bilirubin 2 2 mg per 100 o c , total leucocytes 
700 per emm , rod cells 1,600,000 per emm , haemoglobin 30 per cent, 
reticulocytes 7 5 per cent , mean corpuscular volume 92 o p Pre-splenec- 
tomj’ neutrophil counts were consistently below 1,000 per emm No stea- 
torriiocn, and normal proportion of split faecal fats Fifteen months after 
the onset the blood picture was essentially unchanged Plasma-albumin 
3 1 gm per 100 c c , plasran-globuhn 4 1 gm per 100 c c , hippunc acid 
excretion 90 per cent inthin four hours, Takata-ara reaction positive, serum- 
cholesterol 80 mg per 100 o c , plasma-bihrubin 1 8 mg per 100 c c , sucrose 
tolerance curve normal Splenectomy was performed 10 months after the 
onset Neutrophils rose on the same day to 6,806 per c mm , hut fell three 


months later to 460 per o mm , subsequently remaining below 1,000 per emm 
until the onset of terminal liver failure one year after splenectomy Haemo- 
globm, raised to 60 per cent by pre-operative transfusion, rose without 
further transfusion to 80 per cent three months after splenectomy, retiouli^ 
cytes falling to 0 1 per cent The patient felt very well and returned to work 
a' month later Seven months after splenectomy he had low-grade fever and 
upper abdominal pains Laparotomy then showed an enlarged smooth hver 
which appeared congested Cholecystectomy was done , no gall stones were 
present A month later the results of hver function tests were essentially 
the same as those one month before splenectomy Haemoglobm 84 per cent , 
reticulocytes 0 8 per cent , neutrophils 910 per c mm , hihrubm 2 0 mg 
100 cc Nine months after splenectomy the hver became much enlarged, 
haemoglobin 100 per cent , reticulocytes 4 9 per cent One year after splen- 
ectomy the patient was readmitted to hospital He was very emaciated, 
laundiced, and oedematous The urine contained bile, the hver edge reach^ 
the level of the umbilicus Blood-urea 51 mg per 100 o c , phosphatase 11 
units plasma-bibrubm 13 mg per 100 co. plasma-albumm 2 06 m 
inn n ulasma-elobulm 4 36 gm per 100 c c , Takata-ara reaction positive, 
mg'per 100 o c , iLmoglobm 112 peroeo. ,™d oeU 0,100, OOOpor 
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Wilson’s disease Case 2 recovered from the anaemia after five months, bnt 
m 1943, two and a half years after the onset, there was still a persistent 
reticulocytosis of about 4 per cent In Case 7 the course was marked by 
prolonged remissions and the outcome is not yet clear Case 11 died two 
years after the onset at the age of 70 years In Case 12 there is now, one 
year after the onset, no anaemia, but a reticulocytosis (4 per cent ) and sero- 
logical abnormahties are still present Case 10 has had a complete remission, 
sustained so far for one and a half years Splenectomy, which was reserved 
for the SIX more severe or chrome cases, uneqmvocally cured the anaemia 
in two patients (Cases 3 and 4), one of whom later died of hver failure 
Splenectomy probably cured a third patient (Case 9) The fourth (Case 8) 
survived the operation without apparent benefit and ultimately recovered 
The fifth (Case 6) remains unchanged two years later, and the sixth (Case 6) 
died without temporary alleviation In seven out of the eight cases without 
splenectomy the anaemia recovered, but of these seven only three are com- 
pletely well 

Transfvsions The general policy followed was to give transfusions to all 
coses except those with only shght anaemia or those recovering sjionta- 
neously The transfusions were of stored whole blood or packed red cells 
prepared from the blood bank, and they were almost always from the same 
blood group as the patient Occasionally compatible Group 0 blood was given 
to patients of other blood groups Cross-matchmg was always carried out , 
in the more recent cases a tube-incubation method was usually employed 
(Wintrobe, 1942) All transfusions were given slowly by mtravenous drip 
Of 11 cases transfused, three had smgle transfusions and the remamder had 
from two to 10 Minor febnle reactions were not imcommon and appeared 
harmless Alarming reactions m the form of severe ngors occurred m four 
patients In three of these (Cases 2, 6, and 9) the course of the disease was 
febnle In the fourth (Case 6) a severe reaction occurred only after the 
second of 10 transfusions , this reaction proved to have been the result of Rh 
incompntibilitj’’ , subsequent transfusions of Rh-negative blood produced no 
reactions The good effects of transfusions were most evident in the follow- 
ing ways the production of prolonged remissions (Case 8), the maintenance 
of life until the appearance of a natural remission (Cases 13 and 14), pre- 
opcratively to diminish the risks of splenectomy (Cases 3, 4, 5, 6, 8, and 9), 
and for the avoidance of chronic invalidism (Case 0) 

Acute hacmohjlic anaemia {Lederer's anaemia) Although there is a gradual 
merging between cases of acute, subacute, and chronic haemol^ tic anaemia 
(Dameshek and Schwartz, 1938), the separate consideration of acute cases is 
merited because of the classical sharp febrile onset, the rapidly progressive 
anaemia, the short sclf-hmitcd course, and the dramatic effect which fre- 
qucntli follows blood transfusion, without which the prognosis is grave 
(^^ introbc, 1942) Three patients (Cases 8, 13, and 14) in the present senes 
showed some of the features of Lcdcrcr’s anaemia In tuo, blood transfusion 
appeared to sustain rather than cure, in the third, dramatic response to 
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tlmt in patients -vrith n low plasma-albumin or suspected liver damage, 
splenectomy may bo a particular bnvard , and that the hazard would be 
diminished by a high protein diet and blood-transfusion for a prolonged 
period before and after splenectomy 

NculropM Icticopcma Four of tho total of 14 cases showed ui the earliest 
period of observation a neutrophil leucocyte figure consistently below 2,000 
per c mm These four (Cases 1, 2, 4, and 6) nil had related liver dysfunction 
and have been discussed above In Case 1, only during a remission between 
tho two observed haemolytic episodes was there a smgle total leucocyte 
count of 7,000 per c min , no differential leucocyte count was available 
Neutropenia was not present at any time in tho 10 cases which showed no 
cndonce of liver dysfunction In retrospect, neutropenia was the only 
carlv and consistent herald of liver dysfunction Its possible value ns an m 
dicntion for serial observations of liver function can bo decided only when 
more data become available Splenectomy' was performed in three cases with 
neutropenia (Cases 3, 4, and 5) In nil three tlie neutrophils rose to normal 
within a day’ or tvo In Case 5 the count remained high during the remain- 
ing three weeks of life, although Imcmoly'sis w’ns unabated In Case 3 the 
neutropenia did not recur despite tho subsequent severe hver dysfunction In 
Case 4 neutropenia recurred after three months, but with the onset of hver 
failure the figure rose to 11,180 per emm Splenectomy was performed m 
three oases without neutropenia (Cases G, 8, and 9) In nil three the neutrophil 
count rose, yet in tvo (Cases G and 8) there was no evidence that the 
operation was bonoficinl and in Case 9 it was of doubtful benefit A post- 
splenectomy' rise in neutrophils ivas not therefore of prognostic value 

Sphmclomi/ The range of recent opinions about the value of splenectomy 
in acquired haemolytic anaemia is best illustrated by the following extracts 
from the literature ‘In tho macrocytic haemolytic anaemias it [splenectomy] 
offers the only chance of a successful outcome’ (Davidson and Fullerton, 1938) 
‘It may' slightly modify the course [in macrocytic types] but it does not cure 
(Dyke and Young, 1938) ‘It has been successful [m acute haemolytic 
anaemia] ns a last resort in cases not responding to transfusion’ (Dameshek 
and Schwartz, 1940) ‘Splenectomy is not indicated except m typical 
spherocytic jaundice’ (Thompson, 193G) ‘Splenectomy gives results that 
are analogous with those obtained m the hereditary disease’ (Meulengracht, 
1938) One source of difficulty in assessing the value of splenectomy in the 
present series was the extremely variable natural course of the haemolytic 
process For this reason, recovery of health after splenectomy has not been 
regarded per se ns evidence of anything more than ability to survive the 
operation Splenectomy was regarded as curative only when the good effect 
on the anaemia was rapid, progressive, and sustamed In the .present senes 
of 14 cases, eight retained their spleens (Cases I, 2, 7. 10, 11, 12, 13, and 14) 
Two were acute cases occumng m infants (Cases 13 and 14) who recover 
withm two months of onset, bemg sustamed until then by blood tr 
sions Of the six chrome cases. Case 1 recovered from anaemia but developed 
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later became normoblastic, acblorhydria was not present When macro- 
cvtio anaemia is associated with normoblastic marrow the macrocytosis is 
sometimes ascribed to intense activity of the bone-marrow (Wintrobe, 1942) 
In the present senes the lack of correlation between macrocytosis and reticu- 
locytes (see Table) suggests either a more complex cause or that the level of 
persistent reticulocytosis is not a reliable indicator of bone-marrow activity 
In four of the present senes, liver function was either dimimshed (Cases 3, 
4, and 6) or probably diminished (Case 1), and this may have been a con- 
tributing factor, in view of the known association of macrocytic anaemia 
with liver disease (Wmtrohe, 1942) 

Acquired Haemolytic Spherocytic Jaundice 

Case 15 B C , a woman aged 09 years Onset with transient purpura 
and polyarthritis, then a haemolytic crisis Subsequent neutropenia and 
thrombocytopenia Mean corpuscular fragihty 0 46 Consistently marked 
spherocytosis Sternal marrow showed active normoblastic erythropoiesis, 
otherwise essentially normal Splenectomy followed by haemolytic crisis 
and later by recurrence of thrombocytopenia and purpura Haemolytic 
anaemia still present one year after splenectomy Post-splenectomy Coombs’s 
test positive 

Case 16 was the only example of acquired haemolytic spherocytic jaundice 
in the present senes It was also the only case with haemolytic anaemia, 
neutropenia, and thrombocytopenic purpura, an uncommon syndrome which 
appears to correspond with that desenbed by Frank (1943) as splenopathic 
leucopcma and Wiseman and Doan (1942) as pnmary splenic leucopema 
As a result of recent studies the probable haemolytic mechanism in 
acquired spherocjdic jaimdico has become clearer Dameshek and Schwart? 
(1938) produced spherocytosis and increased saline fragility of red cells in 
animals by the injection of haemolytic sera On the basis of this work they 
have suggested (Dameshek and Schwartz, 1940) that haemolytic spherocytic 
jaundice is the result, at least in part, of the action of hnemolysins uhich 
produce spherocytosis, increased fragihty, and increased haemolysis This 
postulate has received striking support in acquired spherocytic jaundice, 
althougii not in the congenital form, by Boorman, Dodd, and Loutit (1946) 
These workers have shown, by the application of Coombs’s anti-human 
globulin scrum test (Coombs, Mourant, and Race, 1946) that immune anti- 
body' globulin can be demonstrated on the patient’s red cells in acquired 
splierocvtic jaundice In two of their cases splenectomy produced a symp- 
tomatic cure, although Coombs's test indicated that immune antibody was 
still present on the red cells, spherocytosis and increased fragihty also per- 
sisted 1' rom those studies it appears probable that the demonstrable sensi- 
tization of the red cells by immune antibody in acquired acholuric jaundice 
IS causally related to the spherocytosis, increased fragilitv, and increased 
destruction of the red cells Bccau*:e Fpheroc\ tosis and sensitization can 
persist after splenectomy, there is no reason to attribute the symptomatic 
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blood transfusion, with apparent cure, was followed by a senes of relapses, 
oulminating m a sploncctorav which was of doubtful benefit 

Oast IS P H , a female child aged 2 years 8 months Acute febrile onset 
of anaemia after a cold Neutrophils 13,200 per c mm Deep jaundice 
Hacmoglobiniiria Spleen and liver not palpable Despite two transfusions 
of whole blood (total 490 o o ), haemoglobin fell to 28 per cent By the 
seventh day, after the third and last transfusion (260 o c ), haemoglobin 
60 per cent , reticulocytes 6 per cent Subsequently the reticulocytes varied 
between 28 and 4 per cent , tending to fall, and the haemoglobin 60 to 66 
per cent , until the sixth week, when haemoglobin rose to 72 per cent and 
reticulocj tes fell to 0 5 per cent 

Case 14 K H , a male child aged 7 months Acute febrile onset, jaundice, 
hnemoglobinunn, liver and spleen not palpable Haemoglobin 30 per cent, 
reticulocytes 9 per cent , total leucocytes 33,000 per c mm After two blood- 
transfusions (total 560 c c ), haemoglobin on sixth da}^ was 40 per cent No 
further transfusions On thirteenth day, haemoglobin 40 per cent , reticulo- 
cytes 28 per cent By sixth week, haemoglobin 74 per cent , reticulocytes 
1 per cent 

Case S D S , a male child aged G months Marasmus Subacute onset of 
anaemia, jaundice, low-grade fever Enlarged liver and spleen Haemoglobm 
38 per cent , reticulocytes 9 ptr cent One blood transfusion of 260 c c 
caused a rise of haemoglobin to 88 per cent , reticulocytes falling to 2 2 per 
cent Relapse of anaemia six months later, again with dramatic response to 
transfusion (ISO cc) Subsequent relapsing course (haemoglobm 26 to 60 
per cent, reticulocytes 3 to 11 per cent) Transfusion for splenectomy 
raised haemoglobin to 76 per cent Splenectomy performed three years after 
onset During subsequent two years of observation, haemoglobin remained 
GO to 70 per cent , but the reticuloc^ijcs, previously never higher than 11 per 
cent , were subsequently 10 to 16 percent , and two years after splenectomy 
were 20 per cent and haemoglobin 70 per cent 

Cases 13 and 14 suggest that the lack of dramatic response to transfusion 
does not necessarily indicate a bad prognosis Conversely, Case 8 suggests 
that a dramatic response and apparent cure may be followed by recurrences 
It was difficult to assess the effect of splenectomy on the anaemia m Case 8, 
because of the varying course before the operation The effect on the haemo- 
globm level was certainly less evident and more open to doubt than the 
effect on the reticulocytes, which were regularly sustained at a much higher 
level after splenectomy If a prolonged rise in reticulocytes can be accepted 
OS a sign of an increased rate of erythropoiesis, then in this patient splenec- 
tomy appeared to increase red-cell formation more than it decreased red- 
cell destruction 

Macrocytosis The anaemia was macrocytic m eight of the 12 cases m 
which the size of the red cells was estimated In six of the eight macrocytic 
cases the sternal marrow showed active normoblastic erythropoiesis In the 
seventh (Case 4) the marrow was normoblastic with a few megaloblasts , m 
this patient there was histamine-fast achlorhydria In the eighth, an mfant 
(Case 8), the marrow was megaloblastic in the early stage of the disease and 
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because of the occasional curious exacerbating influence of tbe menstrual 
cycle in other blood disorders such as thrombocjixipema and neutropema 

Splenectomy Splenectomy m nocturnal haemoglobmuria is usually re- 
garded as meffective (Scott, Robb-Smith, and Scowen, 1938, Dacie and 
Eirth, 194:3) In Case 15 splenectomy was performed two years after the 
onset because the anaemia and attacks of haemoglobmuria were becoming 
progressively worse After the operation there was a gradual but progressive 
improvement It seems probable, therefore, that in this patient splenectomy 
was of value 

Blood-iransfusions At the worst, blood-transfusions m nocturnal haemo- 
globinuna may result m severe haemolytic episodes (Hamburger and Bern- 
stein, 1936) and at the best they may produce remissions (Ham, 1939) 
Neither extreme was expenenced m the present three patients Case 16 had 
one transfusion. Case 17 had two, and Case 18 had many There were no 
sonous reactions in any, there was benefit to the anaemia in all, and remission 
m none 


Dtsctission 

The frequency of increased haemolysis as a symptom in acquired disease 
IS abundantly illustrated by its occurrence m pernicious anaemia, the allied 
macrocytic anaemias, leuco-erythrohlastic anaemia (Brown, Hayward, Powell, 
and Witts, 1944), aplastic anaemia (Rhoads, 1939), Hanot’s cirrhosis (Eppin- 
gor, 1920), and atrophic cirrhosis (Watson, 1937) In the present senes of 
18 cases it appeared as a symptom in stnkmgly dissimilar syndromes As 
a symptom increased haemolysis is as ubiquitous as dermatitis in skin 
disease, with porhapV-as complex a pathology m terms of essential growth 
factors, dysplasia, varying resistance to normal wear and tear, and exposure 
to excessive processes of attntion It connotes increased attntion in the 
hacmopoietio system, a tissue of the body which offers unique facihties for 
observation of its gcrmmal cells, the size and durability of the adult cell 
mass, the metabolic products, and the serological and biochemical composi- 
tion of its internal environment It cannot be supposed that the pathological 
processes which are indicated by increased haemol;>'8is are exclusive to a 
single tissue of the body or that, when they become known, the pathological 
principles cannot be apphed to disease in other tissues loss amenable to 
observation In the present paper the main purpose has been to report the 
available data from 18 cases in which there was increased haemolysis of 
unknown origin The features which have been emphasized arc those which 
might give information about the natural course of the disease processes, the 
ientatn e therapeutic approach, and those which seem of possible pathological 
significance The conclusions are based on facts vhicb are sometimes isolated 
or seleclcd from cases not ncccssanlj pathologically related 


New No ClJ 


T 



268 QUARTERLY JOURNAL OP MEDICINE 

effects of sploneotomy m this disease to anything more than removal of a 
major source of dcstruetion of the sensitized red cells The imphcations of 
this view of the haemolytic mechanism in acg^uired spherocytic jaundice are 
of interest because of the associated neutropenia and thrombocytopenia m 
Case 15 In this patient there were three components which were diminished 
in the peripheral blood, despite active and essentially normal haemopoiesis 
The red-cell component was deficient because of excessive destruction due to 
sensitization by a globulin of immune antibody type It seems reasonable 
to postulate a similar rather than a dissimilar pathological process to account 
for the dcficiono}'' in the other two components, the platelets and the 
neutrophils 


Jlacmolylic Anacmm with Paroxysmal Baemoglobinurta 

There were three cases of parox 3 fsmal hacmoglobinuna associated with 
chronic mncrocj'tic hacmol 5 'tic anaemia In all three the haemoglobinuna 
was nocturnal (Marchiafava-Micheli syndrome) 

Case 16 C S , a woman aged 24 years Gradual onset of malaise, then 
influenza and nocturnal haemoglobinuna which was at first intermittent 
Colds caused exacerbations of haemoglobinuna Exacerbations sometimes 
occurred before menstruation Splenomegaly Splenectomy two years after 
ruset Subsequent gradual relief Mild sjuuptoms compatible with normal 
life 10 3 ears after onset 

Case 17 0 E , a woman aged 36 years Onset with transient nocturnal 
haemoglobinuna after a chill Recurrence three years later after influenza 
Haemoglobinuna worse before menstruation and with colds Illness still 
severe nine 3 ’ears after onset 

Case IS 0 B , a woman aged 41 years Gradual onset of exertional 
dyspnoea and undue fatigue Nocturnal haemoglobmuna a year later 
Haemoglobinuna alwa 3'8 intermittent, sometimes provoked by colds Neu- 
tropenia usual Slow downhill progress three years after onset, the patient 
needing transfusions every few months 

As the condition is rare and its cause unknown, it may be of interest to 
stress the factors in the present cases which appeared to influence the course 
of the disease 

Infections In all three patients colds produced exacerbations or recur- 
rences of nocturnal haemoglobinuna In Case IS haemoglobmuna was first 
associated with mfluenza, an infection which provoked a recurrence m Case 16 
The provocative effects of colds and other intercurrent infections are well 
known not only in nocturnal haemoglobinuna but also m congemtal sphero- 
cytic jaundice, in which they can produce haemolytic enses The relation 
of respiratory infections to the onset in other patients (Cases 2, 6, 12, and 
13) m the present senes has already been discussed In all these disorders, 
however, the meohamsm by which infections act is at present unknown 

Menstruation In two patients (Cases 16 and 17) there were exacerbations 
of haemoglobmuna before menstruation The relationship is mterestmg 
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haemoglobin Reticulocytosis sometimes persisted after the haemoglobin 
returned to normal, suggestmg that excessive haemolysis may be present 
without anaemia 

Serological abnormahlies In one case there was an autohaemolysm active 
at 37° C , and m one there was a powerful cold agglutinin In a third case 
the red cells were sensitized by a globuhn of immune-body type , m this case 
there was marked spherocytosis and increased salme fragihty 

Sequels After symptomatic cure of the anaemia there were the following 
sequels, each occurring in one case hepato-lenticular degeneration, palpable 
liver with persistent reticulocytosis, residual hver dysfunction, death from 
liver failure, abnormal albumin-globuhn ratio m plasma, and raised serum- 
globuhn and cold haemagglutinin 

I should like to acknowledge my thanks to Dr A M Cooke for the clmical 
records in Cases 4 and 16, to Dr A H T Robb-Smith and Dr R G Mao- 
farlano for the pathological data m Cases 4, 8, 13, 14, and 16, to Mr J R P. 
O’Brien for the biochemical data, and to Professor L J Witts for his 
criticism. 
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Conclusions 

Natural course Tins wns extremely variable The illness was usuaUy 
grave, and sometimes fatal A sustained remission of the anaemia, not 
attributable to treatment, can occur oven after many months 

Slood-transfusions Transfusions permitted a waiting policy, sustamed 
life, induced remission, prepared for splenectomy, and probably hastened 
convalescence Transfusions voro reasonably safe, with a tube-incubation 
method of cross-matching, donor blood of the same group as the patient, 
alow rate of delivery by the intravenous drip, and regard for the possibihty 
of Rh incompatibility 

Splenectomy The best effect of splenectomy on the anaemia occurred in 
tuo patients with neutropenia uho later developed gross liver damage A 
good cfTcot vns probable in two other cases, one a case of nocturnal haemo- 
globinuria It has been suggested that successful splenectomy can endanger 
the protein supplies available to the liver and that this possible hazard 
can bo anticipated Splcncotoniy can cure the anaemia, the reticulocytes 
dropping to normal It can also cause a sustained rise of reticulocytes to a 
higher level without curing the anaemia It can increase the circulating 
neutrophils, and can provoko a haomol 3 i;ic crisis 

Treatment As it is not yet possible to predict the effects of splenectomy, 
it appears reasonable to maintain the patient mth blood-transfusions for a 
period of a few weeks to a few months, a period during which there is oppor- 
tunity for a remission or, alternatively, preparation for splenectomy when 
the course is unremitting and severe There was no evidence that hver 
therapy was of value, or that iron wns indicated except when hnemoglobmuna 
threatened to deplete the iron store of the body 

Infections Tuberculosis, for long quiescent, was a precursor in five of the 
1 1 adult patients in the miscellaneous group Colds and mfluenza appeared 
in some cases to precipitate or to provoke exacerbations of the haemolytic 
process In two of these cases there were serological abnormahties 

Nutrition There wns severe malnutrition in two cases before the onset of 
haemolytic anaemia 

Neutropenia In the miscellaneous group this was associated with ultimate 
severe liver dysfunction Neutropenia was associated with possible hver 
dysfunction in one case of nocturnal haemoglobinuria It occurred m the 
only case of acquired spherocytic jaundice, in which there were no bio- 
chemical tests of liver function 

Macrocylosis This was frequent, and was usually associated with normo- 
blastic erytbropoiesis Retioulooytosis was not the mam factor m the maoro- 
cytosis 

Reiiculocytosis There wns a difference m the usual reticulocyte level m 
cases with a similar haemoglobin level, suggestmg that the marrow reaction 
was not solely m response to the degree of anaemia Splenectomy m one 
case caused a sustamed rise m reticulocytes with little effect on the level o 
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ASCITES IN CHRONIC DISEASE OE THE LIVER ’ 

By G HIGGINS, A B KELSALL, J R P O’BRIEN, 

ALICE M. STEWART, and L J WITTS 

(From the Department of Clinical Biochemistry and the NnfSeld Depart- 
ment of Medicine, Radcliffe Infirmary, Oidord) 

It has long been assumed that the mam factor m the production of ascites 
in chronic hver disease is increased pressure m the portal circulation, the 
existence of irhich was deduced from the tendency to enlargement of 
collateral vessels and has now heen proved hy direct measurement of splenic 
vem pressures (Thompson, Caughey, WTiipple, and Rousselot, 1937) There 
have always heen difficulties, however, in acceptmg portal hypertension as 
the only cause of ascites in disease of the liver In some cases, splenomegaly 
and oesophageal varices may be extreme, yet ascites may be absent, in 
others, ascites may appear so suddenly and develop so rapidly that it is 
hardly conceivable that mcreased pressure m the portal system could be 
the only factor responsible. RoUeston and McNee (1929) summanzed the 
suggestions that had been made by venous observers about other possible 
causes, and mentioned thrombosis of the radicles or trunk of the portal vein, 
‘toxaemia’ causing increased permeability of capillanes, concomitant infec- 
tion of the pentoneum, and associated cardiac failure It can bo defamtely 
stated, however, that portal vem thrombosis, peritoneal infection, and 
cardiac failure are comparatively rare accompaniments of ascites in chronic 
liver disease In our own senes of 36 cases, portal vein thrombosis and 
supenor mesentono vem thrombosis were each found on one occasion only at 
autopsy, while pentoncal infection was not found It is less easy to bo 
dogmatic about damage to capillanes by toxaemia The penpheral systemic 
vessels can certainly bo damaged in disease of the liver, as is shown by the 
occurrence of spider nacn and palmar erythema (Bean, 1945), but it is not 
known whether the capillaries of the portal circulation are affected 

The fact that subacute and chrome liver disease is frequently associated 
mill low plasma-albumin values, often accompanied by a rise in plosma- 
globuhn, has been established by the work of many observers (Salvesen, 
1029, Wiener and Wiener, 1930, Peters and Eiscnman, 1933, Mjers and 
Keefer, 1935, Snell, 1935, Foley, Keeton, Kendrick, and Darling, 1937 , 
Kcllcrraann, 1937 , Tumcn and Bockus, 1937 , Post and Patek, 1942 , 
Il'gEins, 0 Bricn, Stcuart, and IVitts, 1944, Turner, Snavcly, Grossman, 
Buchanan, and I'oster, 1944), and it has been suggested that the resulting 
diminution m plasma colloid osmotic pressure (C 0 P ) is the other mam 

* Rccci\<hI Apnl 30, 1047 
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and the fluid was invariably sterile on examination In six cases the effusion 
appeared termmally and had not been noticed during bfe, but in one case it 
appeared nine months before death and was continuous , during this period 
64 aspirations were made and approximately 230 pints of straw-coloured 
fluid of low protein content removed. All the patients with pleural effusions 
have died, but in one case the effusion first appeared with ascites five years 
before death and did not recur until the terminal phase of the illness In 
SIX of the patients with pleural effusion oesophageal vances were identified 
Tlte colloid osmotic ■pressure In our senes of cases, 193 estimations of 
plasma-proteins are available, and provide a basis for an analysis of the part 
which may be played by vanations in the plasma C 0 P in the production 
of ascites The plasma-protems were estimated by the nucro-Kjeldahl 
technique with the use of sodium sulphate to precipitate the globulin (Howe, 
1921) Unfortunately, there is no agreement among those who have studied 
the question as to the formula by which the plasma COP may be calcu- 
lated from the albumin and globulm levels Govaerts (1926) thought that 
the plasma COP could be estimated by using the formula 

P = 7 64A -f- 1 96G, 

P being the plasma C 0 P in cm of water, A the serum-albumin, and G the 
serum-globulm m grams per 100 c c Von Farkas (1926) proposed the for- 
mula P = 6 8.d-f 2 5G, amending this m a later paper (von Farkas, 1933) 
to P=79A-f-13G Wells, Youraans, and Miller (1933), in a careful 
analysis of the C O.P and protein fractions in 128 samples of serum, came 
to the conclusion that the formulae both of Govaerts (1926) and von Farkas 
(1926) were completely unrehable They found that the osmotic pressure 
per gram of total protein (‘ specific osmotic pressure ’) bore a strictly hnear 
relation to the albumin concentration, and that the total osmotic pressure 
could bo accurately expressed by the formula P = C(5 9A + 21 4), whore P 
IS the total osmotic pressure in mm of water, O the total protein, and A the 
albumin in grams per 100 cc The average difference between calculated 
and observed values for P m their series was only +11 6 mm of water 
Wics and Peters (1937) made a similar study on 121 samples of serum from 
103 subjects Their measurements of osmotic pressure were systematically 
lower than those obtained by Wells, Youmans, and Miller (1933), presumably 
owing to differences in technique They came to the conclusion that globulin 
exerts a small but definite osmotic action, and that a more accurate correla- 
tion lictncen protein levels and COP could be obtained bj'^ correcting the 
albumin and globulin figures from grams per 100 c c of serum to grams per 
100 grams of uater in scrum, by means of the formula devised bj' Eisenman, 
Mackenrio, and Peters (1930) They proposed the formula 

P = 60 OA^ + 22 OG^- 50, 

1 being the osmotic pressure in mm of water, A,^ and the concentration 
of albiimm and globulm in grams per 100 grams of water in serum The 
aicrngc deimtion betveen the values of P calculated from this formula and 
tlio-c measured dirceth was + 27 0 mm , the error in measurement of C O P 
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factor m the production of nscitcs (Myers and Keefer, 1936, Kellermann, 
1937 , Post and Patek, 1942) There are technical difficulties in the accurate 
direct moasurement of plasma COP Most workers have therefore estimated 
the plasma-protein concentrations by biochemical methods, and from these 
values have calculated the COP by means of empirical equations This 
procedure is not ideal, and indeed different authors have employed different 
formulae. Nevertheless, the fact remains that the figures which the clinician 
will usually have at his disposal are the levels of plnsma-albumm and plasma- 
globulin, and in the present paper the calculated osmotic pressure is used 
merely ns the most convenient means of expression of the plasma-protem 
concentrations The conclusion from our own observations is that if the 
calculated osmotic pressure of the plasma-proteins in a case of ascites is 
normal, it is unlikclj' that the ascites is the result of chronic disease of the 
liver 


The Present inveshgaiton 

The patients studied comprise 36 cases of subacute and chronic hepatitis 
(cirrhosis) whoso aetiology and course are dcsoribcd in another paper (KelsaU, 
Stewart, and Witts, 1947) Ascites occurred in 19 of the 36 cases In 12 it 
was temporary or intermittent and in seven persistent The occurrence of 
ascites during the course of hepatitis should always be regarded as a senous 
event, but the outlook is b}’ no means ns gloomy as is commonly supposed 
Whilst six of the seven patients with continuous ascites died within five 
days to seven months from the onset of the effusion, one is still well enough 
to continue workmg after three years of continuous ascites and over 120 
paracenteses In addition, six patients with temporary or mtermittent 
ascites are still alive after one to four years, and five are at present free of 
ascites and leading normal lives The other six patients with temporary 
bouts of ascites died after periods which ranged from two months to five 
years after the first appearance of the ascites When ascites is temporary, 
the fluid is usually reabsorbed within a few weeks, but occasionally it may 
bo present for as long ns three to eight months before remission Temporary 
ascites may develop as a sequel to a severe haemorrhage, and it may dis- 
appear when the anaemia is repaired Ascites may also disappear spon- 
taneously in the terminal phase of hepatitis, possibly as a result of dehydration 
Eleven patients with ascites came to autopsy, three were subjected to 
laparotomy, and one to laparoscopy In one of these 16 patients there was 
carcinomatosis, in another patient the peritoneum was described as opaque 
and thickened, and in the remainder the peritoneum was apparently normal 
This evidence of the infrequency of chronic peritonitis m cirrhosis confirms 
the larger experience of Nissen (1920) 

Pleural effusions were found in 10 of the 13 patients who came to autopsy 
In two mstances the effusion was confined to the right side of the chest and 
m the remainder it was bilateral In one case pleural effusion was associated 
with earomomatosis In no instance was there any evidence of tuberculosis, 
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and the fluid was invariably sterile on examination In six cases the effusion 
appeared tcrmmally and had not been noticed during life, but in one case it 
appeared nine months before death and was continuous , during this period 
64 aspirations were made and approximately 230 pints of straw-coloured 
fluid of low protem content removed All the patients with pleural effusions 
have died, but in one case the effusion first appeared with ascites five years 
before death and did not recur until the termmal phase of the illness In 
SIX of the patients with pleural effusion oesophageal vances were identified 
The colloid osmotic pressure In our senes of cases, 193 estimations of 
plasma-protems are available, and provide a basis for an analysis of the part 
n hieh may be played by vanations in the plasma C 0 P in the production 
of ascites The plasma-proteins were estimated by the micro-Kjeldahl 
technique with the use of sodium sulphate to precipitate the globubn (Howe, 
1921) Unfortunately, there is no agreement among those who have studied 
the question as to the formula by which the plasma COP ma}' be calcu- 
lated from the albumin and globubn levels Govaerts (1926) thought that 
the plasma COP could be estimated by nsmg the formula 

P~ 7 64A-H 96(9, 

P being the plasma C 0 P in cm of water, A the serum-albumm, and G the 
serum-globubn in grams per 100 co Von Farkas (1926) proposed the for- 
mula P = 6 8A-I-2 5G, amending this in a later paper (von Farkas, 1935) 
to P = 7 OA + 1 3G Webs, Youmans, and MiUer (1933), m a careful 
analysis of the COP and protein fractions in 128 samples of serum, came 
to the conclusion that the formulae both of Govaerts (1926) and von Farkas 
(1920) were completely unreliable They found that the osmotic pressure 
per gram of total protem (‘ specific osmotic pressure ’) bore a strictly Imear 
relation to the albumin concentration, and that the total osmotic pressure 
could bo accurately expressed by the formula P = G(5 9A + 21 4), where P 
IS the total osmotic pressure in mm of water, C the total protein, and A the 
albumin in grams per 100 c c The average difference between calculated 
and observed values for P in their senes was only +11 6 mm of water 
Wics and Peters (1937) made a similar study on 121 samples of scrum from 
103 subjects Their measurements of osmotic pressure wore systematicalh" 
lower than those obtained by Wells, Youmans, and Miller (1933), presumably 
oil ing to differences in technique They came to the conclusion that globubn 
exerts a small but definite osmotic action, and that a more accurate correla- 
tion bctuccn protein Icicls and COP could be obtained by correcting the 
albumin and globulin figures from grams per 100 c c of serum to grams per 
100 grams of water in sonim, bj means of the formula devised by Eisenman, 
JIackcn7ic, and Peters (1936) Thev proposed the formula 

P= C0 0A„ + 22 9G„,-50, 

P being the osmotic pressure in mm of water, A„, and the concentration 
of albumin and globulin in grams per 100 grams of water in scrum The 
axernge dcxiation between the values of P calculated from this formula and 
those measured directh was +27 C mm , the error m mcnsurcniontof COP 
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in duphoato samples of serum being approximately 10 mm These mcon- 
sistonoics presumably arise from tho technical difficulties involved m accurate 
measurement of plasma osmotic pressures Von Farkas (1936) pointed out 
the great variations in normal plasma COP obtained by different investi- 
gators, oven when using tho same technical method Tho disadvantages of 
using a formula are especially great in chronic disease of the hver, where 
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tho plasma-proteins may be altered qualitatively ns well as quantitatively 
In tho present paper the formula of Wells, Youmans, and Miller (1933) has 
been used in calculating the plasma COP, since it seems to show the best 
fit with directly determined values In tho tables wo have also given the 
figures obtained with the formula of Wies and Peters (1037) The COP 
bj’’ their formula is always some 10 to 20 per cent lower than by Wells, 
Youmans, and Miller’s formula, the difference tending to be both absolutely 
and relatively greater at high levels of C 0 P 

In order to differentiate between cases with varymg degrees of portal 
hypertension, the patients have been placed m three groups, which it is 
thought may fairly be taken to represent, in a rough way, those with absent 
or shght, moderate, and severe portal hypertension 

Group A Splenic enlargement not detected clinically Oesophageal varices 
not demonstrated 

Group B Splenic enlargement detected olmically or oesophageal vances 
demonstrated radiographically, by oesophagosoopy, or at autopsy 

Group C Splenic enlargement detected climcally and oesophageal vances 

demonstrated 

Group A (absent or slight portal h 3 'per tension) contains 10 patients, from 
whom 45 estimations of plasma-proteins, made at times when the presence 
or absence of ascites was recorded, are available (Table I) Group B (moderate 
portal hypertension) contains 18 patients (13 with splenomegaly but no 
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Vances, five with vances but no splenomegaly), from whom 99 such estima- 
tions are available (Table H) Group C (severe portal hypertension) contains 
seven patients, from whom 49 such estimations are available (Table III) 
Although we have attempted to grade the portal hypertension in accordance 
with the physical signs, it should be noted that these signs are themselves 
evidence that a compensatory mechanism for rehevmg the undue pressure 
has been established, and may actually indicate some relief of a pre-existing 
increased pressure Thus while a patient with an enlarged spleen and oeso- 
phageal vances must at some time have had a high level of portal pressure, 
this may have been partially relieved by the development of a satisfactory 
collateral circulation 

The plasma C 0 P s, calculated according to the formula of Wells, Youmans, 
and IMiller (1933) to the nearest 10 mm of water, have been plotted graphi- 
cally (p 270) to show the relationship to the presence or absence of ascites 
It will be seen that the proportion of plasma COP levels below the generally 
accepted normal range of 300 to 400 mm of water nses from approximately 
33 per cent in Group A to 58 per cent in Group B and 79 per cent m 
Group C , this represents the greater chronicity and seventy of the disease 
in coses showing evidence of increasmg portal pressure Ascites was present 
on four occasions at the time of protein estimations in patients from Group A, 
m spite of the absence of other evidence of portal hypertension, and the 
plasma COP was well below normal values on each occasion In Group B 
all plasma COP values except two were below normal when ascites was 
present, and in Group C all except three Nevertheless, it is obvious that 
there is no level of plasma COP which can be precisely correlated with 
the presence or absence of ascites Values as low as 200 mm of water may 
occasionally occur without chnical evidence of ascites, even in the presence 
of severe portal hypertension The general tendency, however, for ascites 
to bo present when plasma C 0 P is low and absent when it is normal or 
high is elearly shown All the patients noth pleural effusion showed a low 
level of colloid osmotic pressure 


Discussion 

Peters and Eisenman (1933), in a small group of patients with cirrhosis or 
toxio hepatitis, found no clear correlation betn eon ascites and albumin levels, 
but Post and Patek (1942), in a studj'" of 01 cases of cirrhosis, reported that 
the scrum-albumin vas significantly lower in patients with ascites than in 
those without, though there was considerable overlap between the two 
groups Kellermann (1937), using direct measurement of plasma COP, 
found that cases of cirrhosis tended to have low COP values, those with 
ascites having lower pressures than those without Butt, Snell, and Kejs 
(1939), nbo using direct measurement, found that plasma COP. was below 
normal m nil cases of ascites in a group of 23 patients with cirrhosis Ralli, 
Bolison, Clarke, and Hongland (1945), on the other hand, in a stud} of 
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14 patients with alcoholio cirrhosis, reported that the levels of plasma- 
albnmin and COP (estimated by the formula of Wies and Peters, 1937) 
were of the same order in patients with and without ascites, though they 
were below normal levels in both groups, moreover, when ascites disappeared 
during treatment, it did so before there was any signiBcant change in the 
level of plasma-albumin Pursuing another line of inquiry, they observed 
that the urine of the patients witli ascites had a greater anti-diuretic effect 
when injected into hydrated rats than had urine from the patients without 
ascites or from normal subjects They therefore made the tentative sugges- 
tion that a further factor in the production of ascites in patients with 
cirrhosis maj' be failure of the liver to destroy some anti-diuretic prmciple 
Our own results show that ascites occurs but rarely in subacute and chronic 
hepatitis unless the plasma colloid osmotic pressure is below normal levels 
Low colloid osmotic pressures, however, do not necessarily lead to the 
development of an abdominal effusion , moreover, although in the individual 
patient the plasma COP was usually lower when ascites was present than 
when it was absent, this was not invanablo, irrespective of the formula used 
for estimation It is possible that some of these discrepancies are due to the 
acknowledged difhcultj' of detecting small abdominal effusions with certainty, 
and to occasional inadequacy of the clinical records due to shortage of 
ovpericnccd medical staff during the war years 

During the last 60 years the study of oedema and of the accumulation 
of fluid in the tissues has been dominated by Starhng’s concept of a balance 
between the filtration pressure of the blood in the capillanes and the colloid 
osmotic pressure of the plasma Nevertheless, in hepatic disease, as in 
Bright’s disease, there is much to suggest that additional factors must be 
concerned, and wo do not pretend that a rise in portal venous pressure and 
a fall in the colloid osmotic pressure of the plasma are the sole causes of 
ascites in disease of the liver Not only may the walls of the capiUary, the 
filtration membrane, bo changed in permeabibty, but it is also possible that 
the channels for the reabsorption of fluid from the peritoneal cavity may be 
obstructed by chronic peritonitis Moreover, when the metabohe functions 
of the hver are disturbed, there may be an interference with the excretion 
of fluid by the kidney, as Ralli, Robson, Clarke, and Hoagland (1946) 
suggested We can also imagine that the portal venous pressure, bke the 
fljstemic blood-pressure, undergoes variations, and it is therefore not sur- 
pnsing that neither in the mdividual patient nor m the group as a whole is 
there perfect correlation between the calculated osmotic pressure of protems 
and the appearance or disappearance of ascites An exact study of the 
mechanism of ascites would demand the direct measurement of the coUoid 
osmotic pressure of the proteins and the blood-pressure m the portal vein, 
and neither of these estimations is feasible m routine chnioal work Never- 
theless, the correlation between ascites in hepatic disease and the colloid 
osmotm pressure of the plasma, as calculated from the protein values, is a 
lugh one and can be of much sigmfioance in the diagnosis of ascites Our 
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own data and those recorded in the literature show that it is nnusnal for 
ascites to develop in hepatitis unless the colloid osmotic pressure is helow 
300 mm or the serum-albumin below 2 6 gm per 100 c c This is a useful 
differentiation from the ascites of heart-disease, malignant disease, and peri- 
tomtis, where plasma-protem levels are not so remarkably depressed The 
absence of ascites in the early stages of splemc anaemia, when the portal 
pressure may be as high or higher than in a case of alcohohc cirrhosis, is 
explained by the fact that the metabolic functions of the hver and therefore 
the level of serum-proteins are well mamtamed 

Summary 

1 Temporary or persistent ascites was observed m 19 out of a senes of 
35 cases of subacute and chrome hepatitis 

2 The presence or absence of ascites was compared with the colloid 
osmotic pressure of the plasma, as calculated from 193 estimations of plasma- 
proteins Ascites was rarely found when the colloid osmotic pressure of the 
plasma was within normal hmits 

3 Although the correlation between ascites and low colloid osmotic 
pressure of the plasma-proteins m hepatic disease is by no means absolute, 
the dependence of the ascites on a low level of plasma-proteins is a useful 
point in diagnosis 

4 Pleural effusion, which is not uncommon m the later stages of hepa- 
titis, likewise appears to be related to the fall m the concentration of plasma- 
proteins 
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STUDIES ON THE IVIECHANISM OF THE FANCONI 

SYNDROME 1 

By J M STOWERS A2n> C E DENT 

(From the Medical Dmt, Dmversity College Hospital 
Medical School, London) 

With Plates 11 and 12 

In 1926 Schier and Stern described a peculiar syndrome in children 
characterized by nckets resistant to vitamin D, low serum inorganic phos- 
phorus, and renal glycosuria Similar cases were reported by Boyd m 1927 
and 1928, Fanconi m 1931, and de Tom m 1933 In the following year Debr6, 
Mane, C16ret, and Messimy, m describmg another case, made the additional 
observation that there was an excessive nnnary excretion of orgamc acids 
bound to mmeral cations The ammoma coefficient of the urme was also 
abnormally high Van Creveld (1934) contnbuted a case in which the hver 
was enlarged and unevenly fibrotio, and Hunter in 1936 first recognized 
the syndrome m an adult and will shortly be reporting a senes of such cases 
Fancom published two more cases m 1936 and was the first to suspect that 
the large amounts of organic acids in the urine might be due, at least in 
part, to amino-aoiduna This was confirmed in another case by McCune, 
Mason, and Clarke (1943), who have wntten an excellent review of the 
subject In many of the reported cases of the syndrome there have been 
abnormal deposits of cystine m the tissues, with associated cystinuna in 
some (Lignac, 1924, 1938 , RuK'ell and Barrie, 1936) The following case, 
which was ongmally diagnosed by Dr Donald Hunter, is presented not 
pnmanly because of its rarity or intrinsic chmeal mterest, but because the 
investigations performed on the patient shed light not only on the nature of 
the syndrome itself, hut also on the mechanism of several related conditions 


Case Beport 

The patient was a surveyor by profession and 34 years of age when the 
present study began in April, 1945 He then complained of persistent pains 
in the back for four j ears and of radiation of the pains into both thighs for 
about three jears Soon after the onset of symptoms ho noticed gradually 
increasing difficulty in walking, especially for the first few steps At about 
tins tune (1942) he was admitted to a provincial hospital where a diagnosis 
of diabetes mellitus was made Treatment was started with 10 units of 
soluble insulin tuicc a da} and the patient responded by having attacks 
of fainting and blurred vision reheved by taking sugar On his return to 

* Heccncd Joniiory 0, 1947 
U 
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London ho was admitted to a teaching hospital where he was shown to have 
diabetes mollitus with a low renal threshold, and many mvestigations, 
including a skin biopsy, were made Presumably the diagnosis of haemo- 
ohromatosis was entertained at that time On discharge he was taking 
insulin at the rate of 24 units daily, and his symptoms still persisted with 
varying seventy Later in 1042 ho started to avoid hfting weights, although 
ho had not noticed any impairment of his muscular strength Early in 1943 
he first experienced ‘ collapsing incidents ’ in which his legs seemed to give 
way under him, and this was the immediate reason for his attendmg the 
out-patient diabetic clinic at University College Hospital Here his glycosuria 
was shown to be due to mild diabetes with a low renal threshold He was 
found to have albuminuria and his blood-urea was 30 mg per 100 c c His 
special diet and insulin were discontinued, but the collapsmg attacks were 
iinaflccted Ho attended the National Hospital, Queen Square, but no 
neurological abnormalities were found, and ho was referred back to Umver- 
sity College Hospital, w hero ho was admitted m Apnl, 1 946 By that time 
ho had multiple pains accentuated by movement, and could walk only a few 
waddling stops Ho said that in the previous three years he had lost 3^ stone 
in weight, although his appetite had remained good, and that he suspected 
that ho was getting shorter His diet had been adequate, especially in meat, 
of which ho was particularly fond As a boy ho had had severe knock-knee 
deformity for which bilateral osteotomy was performed, but otherwise he 
had had onlj' the common childhood infections The family history was of 
interest in that his mother and her four sisters, but not her brother, all had 
either gross deformities, glycosuria, or hepatomegaly, or a combmation of 
these There was no history of consanguinity in his parents or in his mother’s 
parents 

Physical examination On examination the patient was a small, rather 
pale man, with a square head, short, protruberant abdomen, and widened 
femoral condyles Findings of interest were a hver palpable two mches below 
the right costal margin in the nipple line and a mass thought to be the spleen, 
with its tip palpable half an inch below the left costal margin The hver was 
firm, but not tender, and had an irregular surface and edge No abnormah- 
tics were found in the cardiovascular, respiratory, or nervous systems When 
tho patient was asked to grip hard with his hands he complamed of a subse- 
quent aclung m the forearm The blood-pressure was 108/80, and the tem- 
perature, pulse, and respiration normal The unne was almost constantly 
alkahne and contained slight to moderate amounts of albumen There was 
a constant glycosuria which was shown to be partly renal in type The 
sediment was normal A full blood-count and platelet-count were normal 
A sternal marrow puncture disclosed some abnormally laige megakaryocytes 
The blood Wossermann reaction was negative and the basal metabolic rate 
was +20 per cent and +17 per cent on successive days some eight months 
before death 


Badiology X-rays showed marked generalized osteomalacia and numerous 
roughly symmetrical pseudofraotures of the type described by Looser ( 1920 ) 
and Milkman (1934) The dorsilumbar spine was scoliotic with a 'fish disk 
annearance of the lumbar vertebrae There were many pseudofraotur^ of 
the ribs with no callus formation There was a tnradiate deformity of the 
Tielvis which displayed several pseudofraotures, especially m tlm pubic rami 
Tn the arms also there were several pseudofractures, inolodng strikmgly ejan- 
metncal ones m the neck of each radius There was evidence of old nokets 
m the lower ends of the femora and m the upper ends of the tibiae A genu 
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valgum deformity persisted in spite of old bilateral osteotomies The sella 
turcica was normal The lamina dura in the teeth sockets were normally 
outlmed and there was an apical abscess under a molar tooth An intravenous 
pyelogram failed to outhne the calyces and renal pelves A calcified mesen- 
teric gland was seen, but there was no evidence of either nephrolithiasis or 
n ephr ocalcinosis 

Chemical pathology (Table I) The serum-calcium and alkaline phosphatase 
Mere normal, but the serum inorganic phosphorus was conspicuously low 
The liver function was not grossly abnormal, the Takata-Ara, cephahn 
cholesterol flocculation, and colloidal gold tests being negative, and the 
prothrombin index normaL The plasma-proteins were not very abnormal, 
but the proportion of albumen decreased during the course of the disease 
The serum-bihrubm was slightly raised The kidney function was moderately 
impaired as shown by mtravenous pyelography and urea clearance The 
blood-urea was normal 

Mineral metabolism (Table 11) The lomc equation of the plasma showed 
that there was an excess of cations amountmg to 20 m eq , not more than 12 
of which could be attributed to combmed analytical error It was concluded 
that unidentified acids must have neutralized the excess cation In spite of 
the presence of these acids in the plasma, the urme was almost constantly 
alkaline, largely as a result of increased ammonia production The ammonia 
coefficient was two to five times normal (ammo-nitrogen not mcluded in total 
nitrogen) 

Amino-acid and sulphur metabolism A special study of these features has 
been made by one of us (Dent, 1947) The findmgs can be summanzed as 
follows The daily output of ammo-nitrogen in the urine averaged about 
1,000 mg (normal 100 to 400 mg ), and this amount represented some 10 per 
cent of the total urinary nitrogen (normal 1 to 3 per cent ) The following 
ammo-acids were identified in the urme m abnormally large amounts, aspar- 
tic acid, glutamic acid, glycine, serine, alanine, threomne, valme, leucine 
(and/or isoleucmc), tyrosine, argmme, hydroxyprolme, and phenylalanme 
Citrulline, histidine, and ammo-butyric acid were present m smaller amounts, 
but certainly in excess of normal Whereas oystme and methionine were 
present m normal quantities, there was a disproportionately large amount of 
hydroxj amino-acida In addition a peptide contnimng serine and glvcmo 
vas almost constantly present Despite the excess excretion, the blood 
amino-ratrogen was normal at 6 3 mg per 100 c c (23 1 1940) Concurrent 
estimations of the total 24-hour output of glucose and ammo-mtrogen m 
the urine showed that, although there were wide day-to-day variations, 
there was a straight-lino relationship between them This can be expressed 
by the formula 

Amino-nitrogcn (gm ) = 0 004 x glucose (gm ) + 0 280 
The urinary sulphur partition was within normal limits, the average findings 
being sulphate sulphur 80 per cent , ethereal sulphur 9 per cent , and neutral 
sulphate II percent A methionine tolerance test (Albancse, Frankston, and 
Irbv, 1044), m which the urinary methionine W’as estimated after an oral 
dose of 1 5 gm , was normal , and there vas no evidence of abnormal meta- 
bolism when cystine and methionine were given m 8 and 10 gm amounts 
re>5]>cclively bj mouth 

Course and treatment While in the ward the patient had various pains in 
1 10 client, hack, and legs, made worse by movement Treatment with calcium 
salts and Mtamin D was started on 0 0 1945 Ho was gi%cn calcium gluco- 
nate gr DO per diem and calciferol at the rate of 150,000 units, and later 
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300,000 units, per diora On this treatment the serum inorganic phosphorus 
rose from 2 4 to 3 0 mg per 100 o o , the alkaline phosphatase from 6 to 
02 8 units (King and Armstrong, 1034), and the Eerum-caloiuni vraa not 

Table I 

Routine Invcsltgahons 

Itcnal function teats 

Urinary sodimont normal Slight to modoroto nlbummuna 
Concentration and dilution tost, range of specific gravity 1,022 to 1,004 
Blood urea 21 7 1945 48 mg per 100 c c 
10 1 1040 30 mg per 100 o o 

Standard uroa clearance 21 7 1046 20 per cent of average normal (This may have 
been affected by the alkaline tliornpy ) 

Intrn% enous pj ologrnphy, renal pelves, and calyces not outlmed 

Qlucoat tolerance testa 



22 2 1044 

Jan 1946* 

6 2 1046* 

20 4 1946 

Fasting level 

117 

90 

76 

126 

J- hour 

119 

— 

— 



i >. 

217 

155 

125 



i » 

220 

— 

— 



1 .. 

202 

226 

100 

210 

U hours 

180 

206 

140 



2 

174 

176 

133 

130 

2i „ 

146 

— 

— 



3 

100 

— 

— 

105 

Unno 

Trace of sugar m 
fasting specimen 
ot 1 hour 

Sugar m nil 
specimens 

Sugar m aU 
specimens 

Trace of sugor at 0 and 
i hour, + at 1 and li 
hours, trace at 2 hours 


The urinary sugor ivas identified ns glucose by the osazono and fermentation teats 
* Test done at National Hospitol, Queen Square 


Ltver function tests 

5 6 1046 Taknta Arn, cophalm cholesterol flocculation, and colloidal gold tests, all 
negative Serum-bilirubin 0 0 mg per 100 cc Blood cholesterol 106 mg per lOO c o 


Calcium and phosphorus metabolism and plasma protein estimations 


Plasma protema 



Sorum- 

Plasmn- 


0^ 


■ — — 


cnlemm 

phosphorufl 

Alkoline 

Total albumen 




(mg per 

(mg per 

phosphatase 

(gm per 

Albumen globulin 

Date 

100 0 c ) 

100 0 0 ) 

(units) 

100 0 0 ) 


ratio 

6 6 1946 

— 

— 

6 

64 40 

3 2 

1 

26 „ 

10 4 

24 

— 

— — 


— 

23 7 ,. 

10 4 

39 

— 

— — 


• — 

78 „ 

10 6 

32 

62 8 

6 9 4 92 

2 6 

1 

Treatment 

discontinued 





18 9 1946 

11 3 

1 8 

— 

— — 


— 

28 1 1046 

— 

— 

— 

6 7 3 74 

1 9 

1 


altered There was concomitant healmg of the pseudofractnres and marked 
improvement m the patient’s symptoms The osteomalacia also decreased, 
ns ludged by comparison of serial skiagrams with those of a control When, 
nn 7 8 1946) the patient left the hospital after a stay of 14 weeks he wm 
free of pam and could walk almost normally except that his gait was still 
rather wide-based He discontmued treatment on gomg home, and three 
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months later the serum inorgamo phosphorus had fallen to 1 58 mg per 
100 c c and symptoms were just startmg to return He first complained of 
aching lower abdommal pam Then his abdomen gradually enlarged The 

Table II 


Special Investigations 


Ionic equiltbnum 








BLOOD (7 8 1945) 




Jig per 

JI eq per 


Jig per 

M eq per 


100 c 0 

litre 


100 c c 

htre 

Plasma chloride 

379 

107 

Sodium 

360 

166 

Plasma bicarbonate 



24 8 

Potassium 

16 6 

42 

Plasma morgamc 



Calcium 

10 6 

62 

phosphorus 

32 

1 6 

Jlagnesium 

1 68 

1 3 

Plasma-protcm 

C910 

12 





Total acid 146 4 


Total base 

166 7 


Of the excess (20 m eq ) of base, 12 m eq may be acoonnted for by the combined 
analytical error The romamder is presumably accounted for by unidentified acids 




UBINB (7 8 1946) 




Jig per 

JI eq per 


Mg per 

M eq per 


100 c 0 

litre 


100 c c 

litre 

Chloride 

266 

81 

Sodium 

166 

64 

Bicarbonate 



— 

Potassium 

131 

33 6 

Phosphate 

36 0 

182 

Calcium 

20 4 

10 2 

Protein 

0 

0 

Jlagnesium 

6 

4 

Sulphate 

23 0 

14 8 

Anunomum 

64 4 

32 



114 



143 8 

Tteaelton of body fluids 








Before breakfast 

After breakfast 

28 4 1946 

Unnary pH 


6 68 


6 98 


Blood pH 


— 


7 68 

10 7 1046 

Urmary pH 


8-f 


78 


Ammonia coefficient 

32% 


23% 

27 7 1046 

Bandom sample of imno pH 

74 


— 


Ammonia coefficient 

21 6 % 


— 

7 8 1046 

24 hour specimen of urme 





Ammonia coefficient 

9 6% 


— 


appetite fell off and flatulence became a promment symptom By the begin- 
ning of January, 1940, four months after leaving hospital, signs of ascites 
were discovered and about this'' time he passed melaena stools On re- 
ndmission to the ward there nos slight oedema of the ankles and legs, and 
ascites which made it difficult to palpate the hver The presence of blood in 
the intestine m as confirmed by repeated examination of the stools, and there 
Mas an evident anaemia Three pints of whole blood were transfused and 
tlio haemoglobin was then 72 per cent (Haldane) There was symptomatic 
improvement as veil ns disappearance of the oedema, but the patient 
started a senes of hnematemeses He had several more transfusions, but his 
condition rapidly dotonoraled during the second and third weeks of his stay 
in hospital There was loss of appetite, loss of flesh, and progressively in- 
creasing ascites, uhilc the attacks of lower abdominal colic continued, lasting 
half to one hour at a time Two days before ho died he became very weak, 
dchjdratcd, and irrational He then lapsed into coma with deep sighing 
respirations of 24 per minute, a pulse-rate of 120, and temperature of 98 
to 99 5° F 
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Post-mortem examination (performed by Professor G R Cameron, nme 
hours after death) The body was that of a short sallow man showing con- 
siderable wasting, especially in the upper limbs There was no icterus The 
chest was barrel-shaped, but showed none of the deformities characteristic of 
rickets There was slight oedema of the ankles 

Heart Weight, 240 gm There was a small amount of pericardial fluid 
The right ventricle and aunclc were slightly dilated and there was a small 
milk patch at the apex of the left ventricle Two small yellow plaq^ues were 
seen near the origin of the descending branch of the left coronary artery 
Aorta Showed slight atheroma 

Lungs Weight, right 550 gm , left C20 gm There was much conges- 
tion, with frank oedema in the lower lobes and frothy blood-stamed flmd 
in tho main bronchi In the right pleural cavity there was an effusion of 
about 160 0 c of clear fluid, but tho left pleural space was empty The hilar 
lymphnodes were shghtly enlarged, soft, and oedematous There was no sign 
of tuberculosis 

Liver Weight, 1,600 gm (Plato 11, Fig 1) This organ was extremely 
distorted Most of the right lobe was converted into a mass of smooth, 
greenish nodules varying in diameter from one to five cm and separated by 
deep pits and grooves lined by greyish fibrous tissue The left lobe was 
relatively less reduced in size and contained numerous similar nodules, not 
so uniformly distributed as in tho right lobe A large yellowish nodule, 
medial to the gall-bladder and compressing it, showed on section indefinite 
yellowish tissue suggestive of carcinoma The great omentum was adherent 
to tho inferior surface of tho nght lobe Tho hver substance was of irregular 
consistency, some areas being tough and others soft The predommant colour 
was green mottled with yellow The blood-vessels were not prominent nor 
wore tho bile ducts dilated The walls of the gall-bladder were thickened 
and white and its cavity was reduced to a narrow space containing a little 
thick green bile The bile-ducts appeared normal, but the middle third of 
the common bile-duct had many adhesions around it as well as a leash 
of varicose veins communioating with the portal vein The last was greatly 
distended, with a soft friable ante-mortem thrombus adherent in places to 
the wall and filling approximately two-thirds of tho lumen The clot ex- 
tended from tho junction of the splenic and superior mesenteric veins to the 
first branches of tho portal vein The hepatic artery appeared normal 
Spleen Weight, 330 gm This was enlarged and uniformly stippled with 
tiny white patches which fused to form larger irregular bluish-white areas 
near the upper pole Tho pulp was dark red and firm The Malphigian bodies 
were very small and poorly defined The vessels appeared normal 

Kidneys Weight, 300 gm These were normally situated and shghtly 
enlarged The capsule stripped easdy, disolosmg a pale smooth surface with 
prominent stellate veins The cortex was broad and pale, but the details 
were apparent, and there was a clear demarcation from the medulla The 
pyramids were congested and the vessels in the walls of the pelvis were 
prominent Elsewhere the renal vascular system appeared normal The pen- 
pelvio fat was not increased m amount, and the papillae, calyces, and ureters 
were normal The trigonal muscle of the bladder was rather prominent 
Oeniialta The only abnormality was the very small size of the epididymes 
and a moderate reduction in size of the testes, which appeared otherwise 


normal 

Alimentary canal The tongue was 
mouth, nasopharynx, and tonsils were 


small and apparently fibrotic The 
otherwise normal In the lower half 
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of the oesophagus there were huge varicosities, and erosion of one of these 
had occurred at the cardia with haemorrhage The stomach was small and 
contained prominent submucosal veins There were a few small erosions in 
the fundus, and near the eardia there had been recent haemorrhage from 
a larger varicose vem The pylorus and duodenum were normal, but the 
rest of the small mtestine had a thick, greyish, rubbery wall The large 
mtestme was greatly distended with gas but otherwise normal The mesen- 
teric lymphnodes were pale and firm The veins of the mesentery and 
retroperitoneal tissue were congested The arteries were normal 

Endocrine glands Pituitarj’ normal Thyroid small, very pale, firm, but 
showed no cysts or nodules Parathyroids not obviously enlarged Adrenals 
narrow but otherwise normal Thymus, no remnants found 
Brain Normal 

Lymphoid system There was no enlargement of the lymphnodes, which 
were pale and rather firm 

Bones There was no abnormahty in shape of the cranial bones, but they 
were so thin as to be almost transparent in some areas, especially over the 
vault These patches were circular with well-defined margins and 1 0 to 
1 6 cm in diameter The diploe contained httle marrow, yet the bone was 
soft and could easily be cut with a knife The ribs were soft, contaimng 
much spongy bone, and were more bowed than normal There was no beading 
and no apparent fractures The spine was both kyphotic and scohotio, and 
the lower lumbar vertebrae were noted to be rather soft The femora were 
bowed laterally and there was a shght genu valgum deformity Osteotom}’^ 
scars were present above the medial condyles There was no enlargement of 
the epiphyseal ends The femoral neck was narrow with a varus deformity 
The whole bone felt very light and there was, m fact, great reduction m the 
cortical bone, especially m the lower third The wide medullary cavity 
contained rcddish-yellow marrow in the upper two thirds and yellow marrow 
m the lower third 

Histology Liter There was considerable thickening of the capsule, from 
which fibrous bands extended into the liver substance At places within the 
capsule there were nodules of carcinoma which were almost certainly part of 
a malignant hepatoma Withm the substance of the hver, and particularly 
in the fibrous strands, extensive infiltrations of the carcinoma were seen, 
and in the intervening compressed hver tissue there was evidence of biliary 
obstruction In other areas there vas recent centnlobular necrosis with a 
focal distribution (Plate 11, Fig 2) Near the necrotic areas there was recent 
extensive infiltration with leucocytes, mostly polymorphonuclear celb, and 
at the periphery there were signs of active regeneration In areas of normal- 
looking liver cells there were a number of large pale intranuclear inclusions, 
often seen to bo hung beside the nucleolus (Plate 12, Fig 3) These intra- 
nuclear vacuoles did not stain as fat with Scharlach R, nor did they stain 
uith Best’s carmine, although the specimen was not fresh enough to be able 
to exclude the original presence of gljcogcn within them - Similar inclusions 
were seen in a liver biopsy performed by Dr Sheila Sherlock six months 
licforo the patient’s death 

Kidney The most marked changes consisted of suclling and vacuolation 
of the epithelium of the proximal convoluted tubules, whereas the distal 
tubules ucrc notable for the abnormal (lattenmg of their epithelial cells mth 

* U 15. in fact, Mrtunllj certain (CIiipps and Duff, 1042) that such liier coll nuclear 
incUiBions alwaj-s do BiRnifv gU copen, and according to Warren (1038) the amount of 
pl\ copen in the nucleus ^ anes in\ crselj tnlh that in the c\ toplasm of the h\ er cells 
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consoquont increase m the size of the lumen (Plate 12, Fig 4) Stammg with 
Scharlach R showed that there was a small amount of lipoid in the proximal 
convoluted tubules, the loops of Honlo, and the collecting duets Withm the 
tubules, especially the loops of Honlo, there was granular debris and occasional 
granular casts The glomeruli showed little change except for shght pen- 
glomerular fibrosis, especially in the subcapsular zone A few glomeruli also 
shoucd slight swelling of the capsular epithelium and a little proliferation of 
the colls of Bowman’s capsule The interstitial tissue was unevenly infiltrated 
by the strands of fibrous tissue, which were most marked in the subcapsular 
zone Alcohol-fixed sections wore stained to show the presence of phosphatase 
by Goraon’s (1939) method (Plato 12, Figs 5 and G) The result was striking 
in that the phosphatase u as demonstrated only in the loops of Henle and the 
collecting tubules, whereas normally it is the proximal convoluted tubules 
alone which contain it As a control a section of the same kidney was 
similarly stained, but without the addition of any potentially insoluble 
metallic ion, so as to show any calcium deposits, which would have given a 
false positive result as to the presence of phosphatase This control was 
negative 

Analysts of organs Chemical tests for cystine in the liver and spleen were 
negative Analj'sis of the liver gave the following composition by weight 

Water 78 9 per cent 

Protein 14 3 per cent 

Fat 3 per cent 

Undetermined 3 8 per cent 

The protein figure was derived from a Kjeldahl mtrogen result of 2 48 per 
cent As the non-protein nitrogen is very constant at approximately 0 2 
per cent the protein nitrogen was assumed to be 2 28 per cent Therefore 
the percentage of protein (nitrogen x 6 23) is 14 3 

In the absence of a fuller knowledge of these values in normals and in 
cases with necrosis of the liver it is not possible to interpret the above 
results adequately, but in rats similar figures would mdioate a higher water 
and lower protein content than normal This suggests that some degeneration 
of liver cells was taking place (Himsworth and Glynn, 1946) 

Analysts of skull A piece of dry, fat-free bone from the skull was analysed 
The nitrogen content, the weight of ash on direct ignition, and the calcium 
phosphate were all within normal limits, and there is therefore no suggestion 
that the bone was in any way abnormal in its chemical composition 

Ueredtiy 

The striking feature in the family history of our case is the high m- 
cidence of one or more features of the Fanconi syndrome in the patients 
mother and four maternal aunts, aU of whom were so affected This could 
be interpreted as being duo to a homozygous recessive gene produemg the 
syndrome m this generation In favour of such a view is the fairly frequent 
finding of consangmmty m other reported cases of the syndrome (McCune, 
Mason, and Clarke, 1943) There are, however, at least two reasons for not 
accepting this explanation Firstly, it would necessitate postulatmg that the 
same recessive gene was provided by the patient’s father m order to account 
for the development of the syndrome m the patient Such a second succes- 
sive chance occurrence of a gene, which must be very rare judging by the 
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infrequency of the Fanconi syndrome, Tvould be intrinsically unlikely 
Secondly, the presence of such varied features of the sjmdrome in his aunts 
does not suggest that the affected members of this generation were homozygous 

GENEALOGICAL TREE 



n 6, 8, 13 I wore oTarnincd and their urme tested In no case was any albumen 
in 1, 2, 3, 4, 6 V or abnormal amount of cystine found, and U 13 was the only one to 
IV 6,0 I ha\o glycosuna 

INCIDENCE OF BONE DEFORMITY, GLYCOSURIA, AND HEPATOJIEGALY 
(Shaded symbols m the abo% e table) 

I 2 Possibly hod diabetes 

II 8 Deformity of back, hips, and lower limbs with shortening of stature Hopa- 

tomegaly X-rays 6upgesti\ e of nd\ anced Paget’s disease 
9 Deformity of back and hip Investigated ns case of possible liyporpara- 
thjToidisra Probable hepntomegnlj Unnnrj grn\ el 

10 Gljcosuria not requiring insulin 

11 Glj cosunn requiring insulin Gongrono of foot 
13 Gljcosurin shown to bo renal m tj’po 

III 1 Doformod foot and nrthntis of hip, probably due to old poliomyelitis 
2 Spontaneous fracture of patella 

7 The patient 

8 Deformity of leg 

^ j Slight genu \ nlgum 

vith respect to the Fanconi syndrome It is consistent with these sisters 
being heterozygous and the condition being due to an irregularly dominant 
gene Other indirect evidence for this may be adduced by a consideration of 
the age factor in the incidence of the syndrome There arc 17 cases among 
McCuno, Jlason, and Clarke’s collection, in addition to our own, which had 
no known defect of cystine metabolism In 14 of these the first symptoms of 
the s3ndromc verc noticed at between two months and four lears of age, 
and in the remaining three at 21, 30, and 31 yean, although two of these 
patients had had rickets ns children There thus appear to be two age groups 
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at which the Byndromc may ho manifested, and it is suggested that these 
ago groups may have different genetic characteristics If the gene producing 
the sjnndromo were a dominant, then the homozygotes might be expected to 
develop the characteristic disturbances in the first few years of lie, or die 
171 Micro, whereas hetorozygotes might have a more insidiously developing and 
variable disease picture Thus would be explained the irregular incidence of 
one or more features of the syndrome in the adult blood relatives of our 
patient The familial incidence of our case is best explained by postulating 
the presence of a dominant gene with the occurrence of irregular dominance, 
whereas other recorded cases in which consanguinity has been noted are far 
more likely to bo due to a recessive gene A recessive type of inheritance is 
also suggested by the low familial incidence of the syndrome in McCnne, 
ilason, and Clarke’s eases without cystmosis There is only one report of 
famihnl incidence and this m a sibling from among 16 such cases, and there 
are at least three instances of consanguinity, an incidence some 14 tunes 
greater than in the general hospital population (Bell, 1940) It is of mterest 
that consanguinity was not noted in the two adult cases mcluded, nor was it 
discovered in our adult case It therefore seems possible that there are two 
allelomorphs which may produce the Fanconi syndrome, a dominant appear- 
ing in adults and a recessive in young children Another feature of the family 
history of our case is that tho only person not affected among the patient’s 
mother and her five siblings was tho patient’s uncle The question of sex- 
Imkngo should therefore bo considered Since so many of this generation 
were affected, a sex-linked gene would almost certainly be a dominant and, 
if this were true, tho patient’s daughter would show signs of the syndrome 
This was not so, at least up to the age of mne years, and thus the theory of 
sei-linkage lacks support 

Since renal glycosuria is a feature of the Fanconi syndrome, and oystinuna 
may also be one, it is interesting to note that the former is thought to be 
inherited as a monofactorial dommant character (Hjame, 1927 , Babson, 
1940) and the latter as a recessive, possibly depending on more than one 
gene (Garrod, 1923 , Thin, 1929) \tTien renal glycosuria and cystmuna are 
studied separately it is apparent that they are not well developed single 
disturbances , hereditary oystinuna may, for instance, be associated with the 
presence of vanous other ammo-acids m the nnne (Garrod, 1923 , MoLester, 
1936), and an example of the Fanconi syndrome has recently been desenbed 
with true diabetic glycosuria (Aidin and Nobel, 1942), whereas glycosuria 
may appear with abnormal frequency m families havmg a high incidence 
of osteoporosis and Paget’s disease (Moehhg, 1936) The impression to be 
gamed from such a diversity of individual features tendmg to show a here- 
ditary transmission in various combinations is that there may be modifying 
genes playing an important subsidiary role m altermg the manifestations of 
the determmmg dommant or recessive genes (The genetic interpretation 
given in this section was made after consultation with Professor L S 

Penrose ) 
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Discussion 

Stiinmarizing the many aspects of this comphcated hut typical case we 
have a 35-year-old man with severe osteomalacia occurring m the absence 
of a dietary deficiency of vitamm D Although the renal function was 
moderately impaired, the blood-urea was normal and the serum inorganic 
phosphorus conspicuously low The osteomalacia was therefore not due to 
hyperparathyroidism secondary to renal failure There was an excess of 
unidentified acids in the blood and an associated mcrease of ammoma pro- 
duction by the kidney Glycosuna existed in the presence of a normal 
blood-sugar level, and heavy ammo-aoiduna occurred m the presence of 
a normal ammo-acid level Lastly there was a nodular hyperplasia and 
primary carcinoma of the liver We feel that the presence of a primary 
carcinoma m the hver does not mvahdate our biochemical findmgs, since an 
excess of ammo-acids has been found in other uncomplicated cases of the 
Fanconi syndrome, and m conditions of severe hver degeneration the amounts 
of the vanous ammo-acids bear relation to their occurrence m hver protein 
In the condition of hyperchloraemic nephrocalcmosis there is also renal 
dysfunction, rarefaction of bone, and low serum-phosphate There is, how- 
ever, unhkely to be any more fundamental association between this state 
and the Fanconi syndrome, for the demmerahzation of bone in nephro- 
calcmosis 18 apparently due to loss of basic calcium ions secondary to deficient 
ammoma formation by the kidney, whereas in the Fanconi syndrome it 
appears to bo due to excessive loss of acid phosphate ions Also it has been 
suggested by Albright, Consolazio, Coombs, Sulkowitch, and Talbott (1940) 
that the hjTiophosphataemia m nephrocalcmosis is due to a secondary hyper- 
parathyroidism, whereas in the Faneom syndrome it is due to a low renal 
threshold for phosphates, perhaps accentuated by a slight degree of para- 
thyroid hyperactivity (Albnght, Burnett, Parson, Roifenstcm, and Roos, 
1040) These authors also point out m contrast that the acidosis in the 
Fanconi syndrome is duo to an excess of acids, whereas m hyperchloraemic 
nephrocalcmosis, or, as they class it, tubular-insuCBoioncy-without-glomorular- 
msuCiciency, it is duo to a decreased ability to excrete acid There is, in fact, 
little difficulty m the differential diagnosis between the two conditions, espe- 
cially if the characteristic high plasma-chloride and low plasma-bicarbonate 
of nephrocalcmosis are found (Baines, Barclay, and Cooke, 1946) 

The glycosuria, ammo-aoiduna, and probable hyperphosphaturia of our 
case aero presumably duo to a renal tubular disturbance, since the respective 
bloml levels u ere below the normal renal threshold Hyperphosphaturia was 
ne\ cr demonstrated in our case, although it has been a striking feature of 
other reported cases of this syndrome (McCune, Mu'xm, and Clarke, 1943) 
Our failure to identify it may have hcen due to the patient having reached 
an equilibrium stage 

M Idle it thus appears that the primary disturbance m the Fanconi syndrome 
iR a failure of tubular absorption of glucose, ammo-acids, and phosphates, the 
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cause of the tubular disturbance remains obscure A chronic tendency to 
acidosis may bo an important factor in lowenng the renal threshold for 
phosphates, but a more comprehensive hypothesis follows from the find- 
ing of an atypical distribution of phosphatase in the kidney Whereas the 
proximal convoluted tubules are the only sites where phosphatase may be 
demonstrated in a normal kidney (Gomori, 1939 , Monten, Junge, and Green, 
1944), those were the areas most conspicuous for its absence in the present 
case Glucoso and phosphate arc reabsorbed in the proximal convoluted tubules 
(Richards, 1938), and in this connexion it is of interest that glucose is trans- 
ferred across the tubular epithohum in the form of phosphate esters Deficient 
phosphate absorption might therefore be expected to affect glucose absorption 
from tho glomerular filtrate, especially if there is in addition a deficiency in 
tubular phosphatase A similar explanation has been offered for the deficient 
glucose absorption in sprue (Maegraith, 1940) This author has suggested 
that deficient phosphorylation is an aotiological factor, and has shown that 
glucoso absorption from the intestine may bo increased by giving a buffered 
phosphate solution hy mouth In our patient there was evidence that a 
similar mechanism produced both the glycosuna and the amino-aciduna, 
since their respective daily outputs seemed to vary together It is suggested, 
therefore, that all three substanoes, phosphate, glucose, and amino-acida, are 
reabsorbed mainly in tho proximal eonvoluted tubules, and that lack of 
available phosphate for tho phosphorylation of glucose and amino-acids may 
bo a primary cause for their impaired reabsorption Although ammo acids 
are dealt with in various ways by the kidney (Smith, 1937), the hydroxy 
ammo-acids, which are known to occur naturally as phosphoric esters, did m 
fact appear in relatively greater amounts m the urme 

Tho persistently alkaline urine of our patient is of considerable mterest, 
especially in view of tho fact that tho ionic equation of the plasma showed a 
discrepancy with an excess of cations totallmg 20 mxeq , not more than 12 
of which could bo attributed to combined analytical error Umdentified acids 
must therefore have neutrabzed at least some of the excess cation These un- 
identified acids were m turn more than neutrabzed in the unne, and it was 
therefore not surprising to find that the ammonia coefficient of the urme was 
two to five times normal McCune, Mason, and Clarke (1943) have produced 
figures for the orgamo acid excretion in the urme of a child with the Fanconi 
syndrome Theyfound the surprisingly high daily excretion of 100 to 160 m eq 
and claimed that 82 per cent of this represented amino-acids However, them 
analytical methods are not above question, as they appear to have deter- 
mined both aliphatic organic acids and ammo-acids together by the method of 
Van Slyke and Pabner (1920) This method is not applicable to the determma- 
tion of amino-acids, or of organic acids m tho presence of excess ammo-acids 
If the increase m acids m the plasma is regarded as a primary abnormabty, 
there could be said to be a tendency to chronic acidosis Such a state is 
known to cause hyperphosphatuna m both ammab and man, changes even 
within the physiological range of blood pH producing quite marked differences 
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in phosphate output (Haldane, Wigglesworth, and Woodrou , 1924 , Guest and 
Rapoport, 1940, Boyd and Steams, 1941, Hamson and Harnson, 1941) 
Chronic hyperphosphatuna leads to loss of phosphate, and with it calcium, 
from bone, so that finally a state of osteomalacia is produced In the Fanconi 
syndrome, therefore, there may be two factors in the development of hyper- 
phosphaturia, namely chronic mild acidosis and a low renal threshold for 
phosphate, the former possibly contnbutmg to the latter The persistent 
alkalimty of the unne may have been important in the development of some 
of the renal histological lesions The evidence for this is no more than 
suggestive and is based on the work of Lowenhanpt and Greenberg (1946) 
with rats mamtamed on -a chlonde-deficient diet The chronic alkalosis so 
produced was associated with degeneration of the renal tubular epithelium 
and loss of alkaline phosphatase from the proximal convoluted tubules, both 
bemg similar to the changes m our case In addition the rat kidneys had 
calcium deposited in the lumina of the collecting tubules Somewhat similar 
lesions have been noted by Morehead, Fishman, and Artom (1946) working 
with rats on a diet containing an excess of serine, an ammo-acid which 
appeared in abnormally large amounts m the unne of our case 

Damage to the liver is not an invanable feature of the Fanconi syndrome, 
as IS shown by consideration of the 39 cases collected by McCune, Mason, 
and Clarke (1943), autopsies were earned out on 12 of these, and m five the 
liver was reported ns bemg normal The seven abnormal cases compnsed 
four with focal necrosis, two with cirrhosis, and one with fatty infiltration 
These figures are mconclusive, but they suggest that the presence of an 
abnormal liver is more than a coincidence Himsworth and Glynn (1944a, 6) 
have shown that rats on a diet deficient in methionme and cystine develop 
a trophopathic cirrhosis Methiomne and cystme, however, were among the 
few nmino-acids which were not excreted m excess m the unne of our patient, 
so that despite the ammo-acidurin a primary deficiency of these acids was 
unlikely to be the cause of the hver changes The question of a possible 
abnormality in their endogenous metabohsm was then considered For in- 
stance it 13 known that cystine is formed m the body by the combmation of 
serine, which supplies the carbon cham, with suphur derived from methiomne 
If then cystine synthesis were impaired, an excess of senne might be expected 
to appear in the unne, as it did in our case Other short-cham amino-acids 
such as gljcine and alanine could also have been derived from cystine 
or methiomne If the excessive loss of senne mdicated a deficient cystine 
83 ’nthcsis, one might have expected a correspondmg urmary loss of sulphur, 
but the results of the studies in sulphur metabolism were entirely normal 
A pnmarj’ disturbance of the amino-acid metabolism also could not explain 
the excess of other ammo acids in the unne The theory that the cirrhosis 
was duo to amino-acid dcficicncj' could not therefore be sustamed In some 
other reported cases of the Fanconi syndrome, apparently indistinguishable 
clinically from our onn, pathological deposits of cj’stino ha\e been present 
in the tissues (Lignao, 1924, 1938 , Russell and Bame, 1936), and sometimes 
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there hns been oystmuna as well (Lignac, 1024 , Pache, 1940) It has been 
. suggested tliat the cystine crystals in the liver may have provided a mecha- 
meal eauso for the cirrhosis (McCunc, Mason, and Clarke, 1943), but the 
other features are not so readily attributable to the cystmosis Curtis and 
Newburgh (1927) and Gyorgy and Goldblatt ( 1 042) have, however, noted lesions 
in tlio kidneys ns well ns in the livers of rats (Enrio and Victor, 1941) which 
had been fed with 5 to 10 per cent of cystine in the diet If the defect m 
humnn cases of cystinosia wore an impairment of the breakdown of cystine, 
lending to its accumulation in the body, they might be considered comparable 
to Gj orgy and Goldblatt’s rats This theory of defieient cystine breakdown 
would need further to postulate that tho excess cystine had a selective effect 
on tho kidney tubules, rendering them less able to reabsorb glucose, ammo- 
acids, and phosphates No abnormahty of cystine metabolism was, however, 
found in our patient, so this explanation is untenable 

We must, therefore, admit that no satisfactory explanation has as yet 
been advanced to explain tho occurrence of hepatic lesions in the Fancom 
sj ndromc All that can be said is that the lesion closely resembles that pro- 
duced in animals by a dcfioicncj' of certain ammo-acids, and wo would pomt 
out that the Fancom syndrome is tho only known disease in which persistent 
nmino-noiduria occurs 

Quito apart from any change in kidney phosphatase, pathological changes 
have been described in the structure and appearance of the renal tubules 
(klcCuno, Mason, and Clarke, 1943) Tho types of change are remarkably 
inconstant and include flattening of the tubular opithehum (van Creveld, 
1934), deposit of fat in tho basal stratum of the proximal convoluted tubules 
(Fancom, 1930), marked sw'olhng of the tubular epithehum (Guild), parti- 
culate matter which may have been cystine deposited in the tubule cells 
(Lignac, 1924 , Fancom, 1931 , Bouraer and Wepler, 1937), and in one case a 
remarkable uneven fibrosis ns well (Russell and Bame, 1936) In McCune, 
Mason, and Clarke’s review there is only one autopsy report which does not 
describe renal tubular lesions from among 10 reports on autopsies performed 
on cases with rickets and glycosuria The fact that our case showed tubular 
flattenmg in some places, sweUing of tho tubular epithehum with fatty change 
in other places, and also an abnormal degree of fibrosis would be consistent 
with the view that these varied changes may represent different phases of 
development of one process rather than separate entities 

Summary 

1 A case of the Fancom syndrome is reported in a 36-year-oId man The 
syndrome was characterized by severe osteomalacia, mdd diabetes wnth an 
added renal glycosuna, ammo-aciduna, hypophosphataemia, and fibrosis of 
the liver with a termmal primary caremoma of this organ 

2 Special studies were made of the amino-aoid and sulphur metabolism, 
the ionic eq,mlibnum of the serum and unne, and the hereditary aspects 
No abnormahty of the metabolism of the sulphur-containmg ammo-acids 
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was discovered, althongh this has been a feature of some other reported 
cases of the syndrome The heredity m our case was consistent with the 
transmission of a mendelian dominant gene responsible for the syndrome In 
other cases oceurrmg m children there is strong evidence for a recessive 
t 3 rpe of heredity 

3 Factors m the pathogenesis of the syndrome were thought to be an 
incompetence of the renal tubules to reabsorb glucose, amino-acids, and 
phosphates, with a tendency to chronic acidosis Histochemical methods 
provided evidence for a deficient phosphorylation mechamsm m the proxi- 
mal convoluted tubules Suggestions are made as to the normal mechanism 
of reabsorption of these substances m the renal tubules 

Grateful acknowledgment of assistance is made to Professor H P Hims- 
worth, Professor G R Cameron, Professor L S Penrose, Hr M Maizels, 
Dr IL Rosenheim, and Dr L E Glynn 

Appendix on Methods 
Prothrombin index Innes and Davidson (1941) 

Blood-urea by urease method 

Blood-cholesterol by Liebermann-Burchard acetic anhydride method 
Scrum and unnary calcium Kramer and TisdaU’s method (Tisdall, 1928) 
Alkaline phosphatase King and Armstrong (1934) 

Serum and unnary phosphorus Youngburg and Youngburg (1930) 

Serum protein by K]eldahl method 

Scrum chloride Peters and Van Slyke (1932) 

Scrum bicarbonate Maizels, McArthur, and Pajme (1930) 

Serum and urmary sodium McCance and Shipp (1931) 

Serum and urmary potassium Jacobs and Hoffman (1931) 

Serum and urinary magnesium Dems (1922) 

Urinary chloride by Volhard-Amold method 
Unnary protem by sulphosabcybo acid method 
Urinary sulphate by Folm’s method 
Urinary' ammonium Malfatti (1908) 

Urinary pH by colorimetric method with B D H capillators 
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SNAEJl-BETE BY EOHIS GARIN AT 

By R H MOLE akd ANGUS EVERARD 
(From the Royal Air Force General Hospital, Karachi, India) 

ECHIS CASINATA, the saw-scaled viper, is found m sandy desert countries 
Very diverse opinions are expressed on the seriousness of its bite Taylor 
and Mallick (19366) considered that death is uncommon because the Eohis 
IS not specially aggressive and, being small even when full-grown, can mject 
httle venom Purohit (1944), on the other hand, stated that the inhabitants 
of Jodhpur, India, consider it by far the most poisonous snake m their 
neighbourhood, and similar differences of opmion are recorded by Corkhill 
(1932a)and Gharpurey (1931) Cbnical accounts of Echis-bites are uncommon 
and usually incomplete because a trained observer is rarely near when the 
patient is bitten Fifteen cases have been found in the literature of the last 
30 years, 11 from India (Wall, 1913, Chuhar Smgh, 1924, 1926a, 6, Ghar- 
purey, 1931 , Robertson, 1936 , Purohit, 1944), and four from Iraq (Corkhill, 
1932a) Pam, sweUing, and extravasation of blood occur at the site of the 
lesion as with all viperine-bites Between six and 36 hours after the bite 
gcncrahzed bleeding begins from gums and intestine, into the urinary tract, 
from the skin lesions, and even from the conjunctivae The haemorrhages 
continue for three or four days or even longer, and may be sufficient to 
produce a severe anaemia as in Robertson’s (1935) case where the red-cell 
count on the fifth day was 1,600,000 perc mm Taylor end Mallick (19356) 
desonbed the post-mortem findings m monkeys injected with Echis venom 
The main feature vas haemorrhage in many organs, specially the lungs 
Taylor, Mallick, and Ahuja (1935) recorded that the blood loses its ability 
to clot in vitro in fatal cases, and for a time m some monkeys which received 
a sublcthal dose This failure to clot was shown to be the result of the 
absence of fibrinogen (Taj lor, Malhck, and Ahuja, 1936) Two cases of Echis- 
bitc m British soldiers arc recorded in the present paper The first man did 
not receive any carlj treatment and his subsequent illness was extremely 
severe His blood contained hardly any fibrinogen or platelets, and in 
addition he showed a disturbance of liver function lastmg for many weeks 
The second case, as a result of efficient and early treatment, showed none 
of the usual 6}’stomic effects of suakc-bitc Nevertheless he, too, had a 
marked thromboc\topenia and a disturbed liver function like the first case, 
but less in degree 

Case Reports 

Case J On the night of Julj 31— August 1, 1945, a private soldier, aged 
26 jears, was returning to his billet about midnight by a short-cut through 
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the desert scrub Suddenly he felt a pnm m his right ankle ‘hko two red- 
hot needles’ Looking down he saw a small snake about 18 in long 
scurry off into the undergrowth Ho reached his billet in a few momente 
and with the help of another soldier incised the area of the bite with a razor 
blade until it bled freely The pain in the leg was severe enough to keep 
him awake through the night He vomited and defaccated frequently and 
developed a sovero thirst Some eight and a half hours after the bite he 
reported sick and was sent into hospital On arrival his general condition 


Table I 


Dnv of illness 

O 

3 

0 

9 

15 

27 

Hnomoglobm (*iN P h 

00 

70 

76 

80 

90 

110 

Rfnndnrd) 

Whitocoll8(poro mm ) 

10,000 

19,000 

14,000 

8,000 

10,000 



Neutrophils (pcrc mm ) 

10,000 

17,000 

12,000 

0,000 





PJnfoIots (per c mm ) 

Too few to 
count 

Too few to 
count 

30,000 

140,000 

330,000 

200,000 

Plasma fibnnogon (mg 

<10 

<10 

70 

120 

260 



per 100 0 c ) 

Clotting timo of vonous 

00 

12 

D 

0 

0 

7 

blood (Leo and White) 
m minutes 

Quahtj of clot 

A few tiny 
Qbnn strands 
only 

Small nncl 
poor 

Not 

firm 

Normally 
firm and 
retractile 

Normal 

Normal 

lotonc index 

11 

— 

22 

12 

12 
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was fair, but ho was restless and slightly confused mentally so that it was 
possible to doubt the accuracy of Ins historj' The temperature was 99 8° F , 
pulse 86, and respiration 18 The right foot and leg up to the knee were 
swollen and patchily discoloured by oxtravosated blood The foot was quite 
cold and the popliteal pulse not palpable The toes and foot could scarcely 
be moved by the patient, and skin sensation was lost over the swollen area 
Initial treatment Soon after the patient was put to bed, and some 11 hours 
after the bite an mtravenous injection of concentrated polyvalent anti- 
venom scrum (Kasauh) was begun When 6 c c had been given the patient 
became restless and then collapsed Ho was cold, cyanotic, sweating pro- 
fusely, and his pulse was barely perceptible The serum injection was stopped, 
adrenalin given, and recovery followed Later, 20 c c of 10 per cent calcium 
gluconate was admimstered intramuscularly and the patient was placed in 
an air-conditioned room Local treatment was confined to elevation of the 
leg, sulphonamide powder to the region of the bite, and cold packs A hand- 
fan played a current of air on to the wet packs to augment the coobng effect 
Subsequent course During the afternoon and night the patient’s general 
condition deteriorated He became znoreasmgly restless and confused, and 
took fluids with difficulty due to persistent nausea and retchmg His pulse- 
rate fluctuated irregularly between 68 and 120 At midnight blood began 
to ooze from the foot and from the sites of intravenous and mtramuscular 
injections At 2 a m small bhsters were begmnmg to appear on the right 
foot At 4 a m 420 c o of heavily blood-stamed urme were passed, the first 
urine since admission At 6 30 a m his vomit was noticed to be streaked 
with blood On the second day his condition was serious Haemorrhage 
continued and the pulse-rate fluctuated The blood-pressure was 110/80 
The foot and leg were more discoloured and the swelhng had moreased and 
spread up into the thigh The blisters on the foot were larger Coldness 
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and pulselessness of the foot persisted and a surgical opinion was sought on 
the advisability of amputation in view of the probabihty that gangrene was 
already occurring and that the wound site at least was infected It was 
considered by s/hdr Sawyer that the patient was unhkely to survive opera- 
tion and that the correct treatment was expectant At midday on the 
second day a blood-count and other mvestigations were carried out (Table I) 



Venous blood was quite fluid at 37° C until between one and two hours after 
the specimen V ns taken, vhcn a few tiny strands of fibnn could be seen In 
viov of the continued liacmorrhapes, the absence of platelets, and the failure 
of the blood to clot, it was decided to transfuse the patient with freshly 
drawn citratcd blood A long-continucd transfusion was in prospect and it 
vas decided to use blood of homologous group only, even though the patient’s 
Group was B Cro^s-niatching of the patient’s scrum and donors’ red cells 
was carried out in tubes at 37° C Finding Group B donors v ithout a hrstorj" 
of malaria and liaMng to cut down on a \cin in the left foot and tic in a 
cannula delayed the administration of blood till about midnight, 48 hours 
after the snakc-bite After 12 hours, during which saline and two bottles of 
blood vcrc giicn intra\cnously and fluids were forced by mouth, there was 
dcrmito clinical impro\cmcnt (third daj) The pulse-rate dropped to 75 and 
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was much more steady (Fig 1) The right hg was a little wanner, but 
haemorrhages wore continuing ns hofore, and extravasated blood had spread 
high up the thigh Subcutaneous ccohymoscs were appennng at pressure 
points and the patient produced n liquid stool containing much blood This 
stool and the urine speoimons jlnsscd on this and succeeding days had a 
marked ammonincal smell The haomoglobm level had dropped 26 per cent 
sinco the previous day The fourth and fifth days were the period of greatest 
anxiety, although on the fourth day the circulation ivas clearly being re- 
established in the right log The haemorrhages from the various skin lesions 
and into the urine became increasingly profuse (Fig 1) Blood was seeping 
subcutancouslj' round the venepuncture sites as well as soaking into the 
dressings The pulse-rate and temperature were rising (Fig 1) The haemo- 
globin at first fell further and the platelets were still almost absent (Table 1) 
On the morning of the fifth day the patient suddenly turned pale and 
became oxtromel}' restless and delirious for a few hours The pulse rose 
abruptly to 1 30, and the blood-pressure was 140/66 At the time a pulmonary 
embolism consequent on the improved oiroulation through the right leg 
seemed the likely' cause, although an X-ray of the chest on the tenth day 
showed no oMdcnco of a pulmonary infarct During the fifth night the 
patient was irrational and picking at his bed-clothes On two occasions his 
limbs and trunk wont into spasm m extension, and later ho had a delinons 
attack similar to the one that he bad had earlier in the day, but of shorter 
duration On the mormng of the sixth day' his general condition improved 
and became fairly good At 1 1 o’clock it was noticed that all bleeding from 
the skin had suddenly stopped within the previous three hours He produced 
a small faecal stool without any obvious signs of blood in it At midday the 
transfusion was terminated because all bleeding, except into the unne, had 
ceased and because all 11 suitable Group B donors in the distnot had been 
utilized The haemoglobin was then 76 per cent Blood contmued to appear 
in the unne in increasing concentration untd the mommg of the eighth day 
Nevertheless, by the evening of that day the urine was clear of blood to the 
naked eye Again it was surprising how abruptly the haemorrhage ceased 


Convalescence. Once the circulation through the right leg and foot was 
well re-estabhshed there occurred a rapid reduction in the tenseness of the 
swelling and the grossest pitting oedema became demonstrable By the sixth 
day joint movements were full and the patient was allowed up in the belief 
that movement of the affected leg would accelerate repair On the seventh, 
tenth, and eleventh nights the patient was incontment of unne Recovery 
was very slow Nothing was obviously the matter with the patient, but he 
was lethargic and hfeless m his attitude and behaviour, and his appetite was 
poor Five weeks after the bite he had a transient acute tonsdhtis with 
fever up to 103° F A fortnight later he was noticed by the nursing staff to 
be rather strange m manner and during the night he was confused and very 
apprehensive He had gone to bed reluctantly and refused sedatives The 
next day he would not eat or dnnk, finally declaring that people were trymg 
to poison him Ho thought that his cigarettes were poisoned and that other 
patients were against him because they did not speak to him Actually 
during the precedmg weeks he had been the object of a good deal of atten- 
tion and had had many visitors from his battahon, for the drama of his 
illness had spread abroad At first he was considered to be schizophrenic, 
but later developed a good deal of insight and was invalided honae to the 
Hmted Kingdom in November with the psychiatric di^osis of a ^d 
pianoid state His physical condition was then better than at any other 
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time m hospital, but he still did not seem to have fully recovered his normal 
health He gave a history of always feeling inferior to his younger brother 
and sister, and of shyness and difficulty in making fnends His father had 
long been prone to imtable fatigue states, and his mother suffered from 
‘indigestion due to her nerves’ His sister had nervous dyspepsia too On 
arrival in the United Kingdom he had to be admitted to a military asylum 
where ho still was a year afterwards 

Identity of the male The commonest poisonous snake in this area of Smd 
IS the saw-scaled viper Echxs cannata, and this is much the most likely snake 
to have bitten the patient His descnption of the snake’s size agrees, and 
the fang-marks which could be seen on the foot after the swelhng had sub- 
sided were then less than one inch apart An attempt was made to prove 
the identity of the snake by demonstrating a specific anti-venm m the 
patient’s serum, but without success The patient’s melaena is also of signi- 
ficance, since Corkhill (19326) stated that he was ‘unable to find any record of 
melaena in a cose of snake-bite in any instances other than those in which 
the snake concerned was E cannatus’' 

IjaboTatory tnveshgaiions Bepeated haematological examinations were 
carried out and are summarized in Table I Fibrinogen was estimated gravi- 
metncally at the time, but the clots were preserved and the estimates 
checked by digestion and Nesslenzation The method of Macfarlane (1937) 
nas used in a search for a fibnnolysm No fibrinolytic activity could be 
demonstrated in blood taken on the second and sixth day Serum from these 
samples did not delay the coagulation of recalcified oxalated normal plasma, 
so that anticoagulant activity appeared to be absent also The bleeding 
time (Duke) on the fifth day was 4 min (normal up to 3 min ) The white- 
cell counts are given in Table I Lymphocytes, monocytes, and eosinophils 
were present throughout in normal numbers Cooke-Ponder counts of the 
neutrophil granulocytes were as follows 


Day 

6 

0 

8 

10 

12 

Neutrophil granulocytes 
(per c mm ) 

13,000 

12,000 

5,200 

0,100 

0,200 

Percentago distribution of 
granulocytes 
/ono 

72 

04 

34 

IS 

10 

Lobesr^'’ 

21 

42 

44 

40 

36 

Ithreo 

7 

4 

10 

32 

30 

Hour or more 

— 

— 

G 

10 

12 


Roticulocvtcs Here counted daily from the seventh to the fifteenth day 
Tlie values were 0 5, 0 5, 0 5, 2, 2 5, 3, 1, 2, and 1 per cent respectiveh 
Nucleated red colls ucro seen m the peripheral blood only on the fifth day 
when there ucro occasional orthochromic normoblasts The blood-urea on 
the sixth dai was 00 mg and on the ninth dai 40 mg per 100 cc After 
the second dni all specimens of urine were saved and their volume and 
haemoglobin-content determined Tlio dailv values for blood-loss m the 
iinnc are given in Fig 1, expressed ns c c of blood containing 100 per cent 
of haemoglobin Dnnan’ ‘ammonia’ was determined br formol titration 
The results were inexact because the pigment in the centnfuged supernatant 
fluid made the determination of the end point of titration difficult On the 
fifth dn\ the ammonia concentration was ns high ns 0 35 gm. per 100 c o in 
one specimen and the total excreted in IS hours was 5 S gm Hippunc acid 
excretion was measured after oral ingestion of 4 gm of sodium benzoate 
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Tho dctormmationB of hippuno noid m urmo wore made by the method of 
Woiclisolbaiim and Probstein (1938) Tho results are given in Table II 
Bnctorinl oiilturo of fluid from a blister on tho right foot on the fourth day 
yielded a pure growth of Staphylococcus aureus 

Case 2 On 28 5 40, at 9 50 p m , a gunner put his right hand under the 
bench on Minch ho M’as sitting and felt something movmg He tned to 
squash it, but felt a violent pain in his right thumb Ho snatched the hand 
nuny and ns ho raised it from under the bench a snake was seen suspended 


Table II 

Sodium Benzoate Detoxication Tests 


Case 1 Day of illness 

21 

43 

73 

First two hours 

17 

27 

47 

Second two hours 

33 

40 

46 

Total m four hours 

50 

07 

92 

Case 2 Daj of illness 

3 

0 

20 

First two hours 

30 

40 

41 

Second two hours 

27 

43 

41 

Total in four hours 

57 

83 

82 


Tho amount of luppuno acid oTcrotcd was converted to 
sodium benzoato and oxpressed as a percentage of tho oral 
doso of bonzoato 


from the thumb into which its fangs were fixed The snake was killed at 
once and later identified as an Eclns cannata not yet fully grown Withm 
16 min the bite had been incised till it was bleedmg freely and an mter- 
mittont tourniquet applied to tho arm Within three-quarters of an hour 
10 CO of pol3'valent anti-vonin (?Haffkine) bad been given intravenously 
On arrival at hospital a little later the patient’s general condition was good 
and there was no swelhng of the bitten thumb Five hours after the bite he 
complained of abdommal pnin and retching A further 10 c c of anti-venin 
(Haffkine) was given intravenously and advantage taken of the venepuncture 
to start haematological investigations There was no recurrence of the pain 
and after his disturbed night the patient slept through most of the following 
day At no time were there any detectable haemorrhages or any visible 
lesion in the bitten thumb except the therapeutic incisions On the third 
day the patient began to resent being confined to bed, yet when he was first 
allowed up on the sixth day, he did not m fact feel as well as he thought he 
would Even after a fortmght, when the thumb wound was completely 
healed, he did not feel really well or as energetic as before the bite 

Laboratory investigations Six hours after the bite a blood sample was 
taken and contamed urea 60 mg per 100 c o of blood, proteins 7 2 gm per 
100 c 0 of serum, and fibrmogen 280 mg per 100 c c of plasma The icterio 
index was 6, haemoglobm 112 per cent , red cell 6,400,000 per c mm , and 
white cell 11,000 per ernm, Math 79 per cent neutrophil polymorpho- 
nuclears The next day the white cells were 6,000 per c mm At six hours 
blood platelets were too few to be countable Repeated estimations were 
made (Fig 2) and showed a steady rise to normal between the third and 
fourth days Fourteen hours after the bite, when the platelets numbered 
1 6 000 ner o mm , the bleeding time (Duke) was four and a half minutes, and 
the tourniquet test was famtiy positive, about 20 small peteohiae being 



SNAKE-BITE BY EGHIS GARIN ATA 


297 


produced in the upper forearm hy a tourniquet applied at SO mm pressure 
for five minutes Such petechiae -were found not uncommonly in a senes 
of tests on normal controls Benzoate detoxication tests were earned out by 
the same technique as before and the results are given in Table II About 
four litres of urine were passed in the first 24 hours in hospital because fluids 
were forced by mouth Only the second and third specimens, produced 
during the ninth to twelfth hours after the bite, were obviously pigmented 
Their combined volume was 1 5 litres and, although the specific gravity was 



Days aftir snaVc-bite 


Fiq 2 

only 1 002, Ehrheh’s test for urobilmogen was positive in a dilution of one 
in four 

Other cases Two other Bntisli soldiers with snake-bite as a diagnosis 
vere admitted to the same hospital in the two summers covered by this 
report There was considerable doubt about one of them ever having been 
bitten at all The other had had a glancing bite over the insertion of the 
tendo nchillis The snake vas killed and was an Edits camiata apparently 
fully-grown This patient received early first-aid and anti-venin (Haffkine) 
about one and a half hours after the bite Platelet counts at one and 
a half hours, four hours, and nine hours were all the same and normal 
There was a marked leucocytosis of 16,000 per c mm with 90 per cent 
granulocytes at four hours Several further cases of snake-bite, including 
fatal cases, presumptively due to Edits canvata, occurred m Indian troops 
in the same area, but were not observed personally 

Discussion 

Snake-bite is usunllj considered a most uncommon accident For instance, 
Corkhill (19126) estimated an annual incidence of under two in a population 
of 3,000,000 in Iraq, and none at all in 16 years in British troops It is 
surprising, therefore, to find an incidence of the order of one in 4,000 amongst 
British troops in each of two successive \cars m one small area of India 
Corkhill (19326) found that all the cases of Edits carinala bite in Iraq came 
from one locality and quoted Wall (1913) who stated that Edits cariuata ‘is 
di'-tnhiitcd chiefly in isolated patches where it is frcquentl\ verj common’ 
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This IS probably the explanation here, for all the British cases and some, at 
least, of the Indian ones occurred mthm a mile or two of each other 

The first ease illustrates the fully developed picture of poisoning by Echis 
venom and will bo considered in some detail in the discussion of pathology 
and treatment The second case, by contrast, was clinically a successfully 
treated case, that is, a case where early'’ treatment apparently neutralized 
completely the local and general actions of any injected venom The thrombo- 
cytopenia and diminished liver function in the second patient are therefore 
all the more notovorthy' Besides showing that subelinical poisoning may 
produce quite marked pathological effects, these findings demonstrate that 
venom was in fact absorbed Nevertheless, the expected haemorrhagic 
phenomena did not supervene, nhich implies that the serum with which the 
patient was treated, the Haffkine lyophilicnlJy dried poly'valent anti-venin, 
IS, in fact, able to neutralize Ecliis venom in man All anti-venins must be 
assay cd in animals, and it seems important to record this example of success 
in man 

Numerous in vitro activities of Echis venom have been described and 
variously attributed to thrombin, an anticoagulant, leoithinase, proteinase, 
and haemolysin Tiiere was no trace of haemolysis in the samples of the 
patient’s scrum and no anticoagulant activity was demonstrated The more 
dramatic actions of the venom in the human subject are local tissue damage 
and generalized haemorrhage, and these have no obvious counterpart m the 
factors found in vitro The subsequent analysis of the observations made m 
these tno cases of Echis poisoning suggests that the venom has a marked 
effect on the function of the hver and probably on capillary function also, as 
illustrated by the haemorrhages and the thrombocytopenia The apparent 
involvement of the central nervous system may have been entirely the 
consequence of capillary' haemorrhage It is becoming increasmgly clear 
that the clinical effects of toxins, including venoms, are often demonstrably 
due to the enzymatic activity' of the toxm itself or to its interference with 
the activity of essential enzyme systems In this light the selective action 
of Echis venom on hver and capillaries may' be of general interest and 
significance 

Little is known of the detoxication or excretion of the venom In the first 
case blooding into the urine continued for tv o days after the bleedmg from 
other sites had stopped, and there was an increasing blood-loss in the unne 
as the circulation improved In Robertson’s (1935) ease, too, the urinary 
haemorrhage was the last to stop These facts suggest that Echis venom is 
excreted by the kidneys Fraser and Gunn (1912), however, in experiments 
on vanous mammals, found species differences m the viscera affected by 
haemorrhage, but that the bleeding into the ahmentary canal was the most 
constant and important Prom this they concluded that the venom was 
probably excreted through the intestinal mucosa, but Taylor and Mallick 
(1936h) found m monkeys that mtestmal haemorrhages were mconstant 

The. local lesion The extreme oedema of the bitten hmb can be due only 
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to an obstructed venous circulation There may be an mitial inflammatory 
oedema which partly obstructs the circulation, but actual venous thrombosis 
seems necessary to explain the intensity of the oedema and the absence of 
any detectable circulation Some small superficial vems were actually seen 
and felt to be thrombotic in the first case The cause is probably a combina- 
tion of slowed circulation, the thrombin effect of the venom, and the tissue 
damage it causes The local oedema and extravasation of blood decreased 
the circulating blood-volume The dimensions of both legs were measured 
on the fourth day, and calculation showed that the volume of the affected 
hmb was approximately 2 5 htres greater than the normal leg What pro- 
portion of this v as due to extrava sated blood it is not possible to determine, 
but it seemed unlihely to be less than half The patient retained little flmd 
during the first 48 hours, so that by then he was certainly dehydrated and 
oligneraic This is supported by the immediate improvement m pulse-rate 
and general condition with a simultaneous fall of 26 per cent in the haemo- 
globin level resultmg from the admmistration of two pints of blood intra- 
venouslj' and a htre of fluid by mouth The extent of the patient’s flmd 
need is also shown by the positive flmd balance (in an air-conditioned room) 
of 4 5 litres during the third and fourth days taken together After the 
initial improvement which followed the relief of oligaemia, there was a 
period of two days when the circulation through the affected limb was 
restored and the patient’s general condition deteriorated The simultaneous 
increase in haemorrhage, a specific result of venom-poisonmg, suggested that 
more venom was getting into the systemic circulation This venom was 
presumably at first fixed in the leg by its obstructed circulation, and sub- 
scquentlj' released ns the circulation improved 

The haemorrhagic phenomena It seems certain in the first case that the 
blood was initially almost incoagulable owing to lack of fibrinogen, and this 
confirms the expenmcntal findings of Taylor, Jlallick, and Ahuja (1935) The 
normal clotting time on the third day excludes any gross prothrombin defi- 
ciency, and anticoagulant activity could not be demonstrated in the serum 
Thus there cannot have been insufficient thrombin for the conversion of the 
plasma-fibrinogen into fibrin No fibrinolysiii was detectable, and thus it seems 
that the lack of fibnnogeii must have been the result of a failure of production 
The source of the plasma-fibrinogen is the liver and the extensive damage to 
the In cr suffioienth accounts for the lack of fibrinogen There occurred also 
a not inconsiderable consumption of fibrinogen, for transfusion of nearly 
fne lities of blood of normal fibrinogen-content failed to raise the patient’s 
plasma-fibrinogen to more than a quarter of the normal level There is no 
obviou'- cause for the thromboc^ topcnia which was found in both cases In 
neither case was there a prolonged depression of platelet production, for once 
the platelet count began to rise, the increase in each case was at about the 
normal rate of platelet production, 60,000 to 90,000 per c mni per dicm (Toc- 
antins, 1938) Hone-marrow nctivit} did not seem depressed in the scrcror 
case liccause large numbers of immature granuloc\tes were produced The 
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nio'st plausible hypothesis seems to bo tbat the platelets wore produced n 
normal numbers, but wore consumed in some way dircctlj' or indirectly by the 
action of the venom This hj'pothcsis would also account for the way the 
platelet count in the first case overshot the normal level, and then came down 
to normal latci (Fig 2) An incoagulable blood, complete fibrinogenopenia, 
and a verj' severe thrombocytopenia do not by themselves cause haemorrhage 
(blacfarlane, 1941) The haemorrhage is clearly a specific effect of the venom, 
but w hether this is a direct capillary' action or w hethor indirectly through the 
liver, it is impossible to say’ The former seems more likely since small amounts 
of Echis venom injected subcutaneously produce local haemorrhagic lesions 
(Tny'lor and Mnllich, 1935a), The amount of blood lost by the first patient 
was very’ large Tlic equivalent of 4 84 litres of undiluted whole blood was 
transfused, after winch the haemoglobin level was only 75 percent The total 
blood-loss must, therefore, have been of the order of C htres Of this, 1 5 htres 
IS accounted for by’ the measured loss in the urine, and probably another 
1 5 litres by extravasated blood m the bitten leg, leaving approximately 
3 litres for loss by’ external haemorrhage from skin and mucous membranes 
and into other tissues There was no direct evidence of haemorrhage into any 
part of the body’ except the skin Haemorrhage into the brain may have been 
responsible for the clinical picture during the fifth day and night 

Kidney jtmehon In the first case, once fluids were forced, the urme out- 
put was satisfactory The centrifuged deposit of the urme was free from red 
colls from the tenth day onwards and there was no urinary albumin after 
the twelfth day No casts were seen nt any time Clinical or other evidence 
of gross renal damage was lacking, although full renal fimction tests were not 
earned out The blood-urea was slightly' raised on the sixth day, but fell to 
normal a few days later Hacmonlinge and the katabolism of extravasated 
blood are probably a sufficient explanation of the shghtly raised blood-urea 
level Only isolated observations were made on the urinary ‘ammoma ’ The 
remarkable amraoniacal smell of the first specimens of urme and faeces to be 
passed w'as initially asenbed to the bacterial decomposition of stale specimens, 
but the same odour was noted in subsequent fresh samples of urme The 
smell was noticeable from about the third to the seventh day Durmg this 
time the reaction of the urine w as approximately neutral, a finding probably 
due to alkalis given concurrently’ with the transfusion and to the buffermg 
effect of the blood it contained Had the urmary ammonia been due simply 
to the ketosis of fever and starvation, the urine would almost certamly have 
been acid in reaction Furthermore, the ammonia excreted on the fifth day 
was of the order of 7 6 gm , which is a large amount even for the severest 
aoidosis, and thus some other explanation for the increased excretion is prob- 
able Kellaway (1942) recorded that amines were liberated by isolated organs 
when snake-venoms were added to the perfusate, and this may provide an 
explanation for the smell of the unne and for the exceptional output of 
‘ ammonia ’ as measured by formol titration These isolated observations in 
the more severely affected case are recorded as of interest and indicate the 
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need for further work In the second case no urinary ahnormahties ■n'ere 
detected and there was no significant increased excretion of ammonia 

Ltver function In the first case the icteric mdex was raised during the 
first fortnight (Table I) This may well have been due to a combination of 
increased haemoglobin destruction m the leg and decreased hepatic excretion. 
There was a striking, if temporary, increase in urobihnogen excretion m the 
second case, which may also have been the result of hver damage The basis 
of the benzoate detoxication test is not yet fully estabhshed, and disturbances 
of renal function and other unknown factors complicate its mterpretation 
(Sherlock, 194C) With these reservations it can be said that both our cases 
by this test showed prolonged impaired hepatic function (Table II), a findmg 
confirmed in the first case by the low level of plasma-fibnnogen The evidence 
suggests that one of the mam toxic effects of Echis venom m man is on the 
hver The venom indeed appears to have a particularly selective action on 
the detoxicating function of the liver Thus, m the first case, while there was 
a demonstrable failure to produce fibrmogen and excrete bile pigment, both 
these functions had returned to normal before any benzoate detoxication tests 
were earned out In the second case also, though the plasma-proteins and 
bde excretion were normal, there was impaired abihty of the hver to detoxi- 
cate as measured by this test There was in addition a striking correlation m 
both cases between the slow convalescence and the slow improvement in hver 
function Accounts of snake-bite in the standard text-books of tropical medi- 
cine for the most part ignore the late results , a slow convalescence, as found 
in our cases, is not mentioned, but we know at second hand of two other 
probable examples after vipenne-bites An Indian shop-keeper on the island 
of Jiwani off the coast of Baluchistan who was also bitten by an Echis had 
nob recovered some weeks later, while a Bntish pathologist m West Africa 
vho was bitten on the finger by a Russell’s viper in his laboratory, where 
appropriate treatment was immediately available, did not consider himself 
normally recovered until 12 months later Schizophrema, in contrast to other 
psychoses, is remarkable for the frequency with which an impaired hver func- 
tion IS found using the benzoate detoxication test (Discussion, 1944) It may 
be coincidence that in the first patient such an impaired hver function should 
have occurred before schizophrenic symptons became manifest, unless the nine 
hours’ delay in reporting sick after being bitten by a snake is considered 
c\ idcncc of pre-cxistmg abnormalitj' The patient’s family historj* was a poor 
one, and he may possibly have been predisposed to a toxic psychosis after 
anv severe metabolic disorder 

Treatment The prompt administration of specific anti-vcnm is agreed to 
bo the most important measure in the treatment of snake-bitc lion hours 
lia%e elapsed sinoe the bite, anti-vemn is often considered of doubtful value 
and local •'Urgical interference then is also condemned as likeh to inflict 
further injurj without doing any good Death after a colubnnc-bitc occurs 
w ithin a few liours, duo to the neurotoxin fixed in the central non ous sjsfcm 
After a \npcnnc-bite, death takes longer and is not known to be due to such an 
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irreversible lesion Death is said to occur between the second and fifth day 
from hnomorrhago, or later from the effects of infection in the bitten part 
Timo IS therefore available for the application of other therapeutic measures 
If the pathological deductions in the present paper are correct, the measures 
to bo taken in the management of cases of viporinc-bitcs, after specific anti- 
vonin has been given, are as follows 

1 The bitten part should bo elevated and cooled as far as possible to 
reduce the circulation through it, and hence to retard the absorption of venom 
This vill also reduce local tissue metabolism so that as little damage as possi- 
ble will result from the reduced circulation and locally freed venom 

2 Continued blood-transfusion is necessary to maintain the blood-volume 
and haomoglobin, despite loss of fluid and blood Fresh blood is preferable 
to refrigerated blood because its coagulator}' and haemostatic properties are 
probably superior 

3 A very high urinary output should bo mduced by forcing flmds by mouth 
and intravcnoHsl} It is hoped in this nay to accelerate excretion of venom 
or the toMO products of venom action, and to dilute these toxins and the 
blood in their passage into tlio urine, and hence to minimize damage to the 
kidneys 

Wo agree with Ta}lor and Malhck (1935 b) that no haemostatic or 
coagulant drugs are of any use, ns none of them can overcome the lack 
of fibrinogen 

Sv7n77iari/ 

1 Two cases of snako-poisoning by Edna carinata are described The 
first case was a typical and severe one with a marked local lesion, generalized 
haemorrhages, and fibnnogenopenia The second v as treated early and showed 
no such changes In both oases there was a severe thrombocytopenia, and 
ptjrsistent impairment of hippunc acid symthesis 

2 The pathology of Eohis-poisoning is discussed in the hght of the investi- 
gations made, and it is suggested that in man the main sites of action of the 
venom are the liver and the capillaries 

Our thanks are due to the Director-General of hledical Services, Royal 
Air Force, for permission to publish this paper 
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THE ASSOCIATION OF PHYSICIANS OF GREAT BRITAIN 

AND IRELAND 

19 47 

FORTY-FIRST ANNUAL GENERAL JIEETING 

The Fonrs. -first Aknttai, General Meeting was held m Aberdeen on Friday and 
Saturday, Maj 23 and 24, in the Medical School at Foresterhdl The attendance book 
■was signed by 108 members The proceedmgs began at 10 a m 

The President, Professor A W M Elbs, was m the Chair 

Deaths of Honorary Members The President reported ■with regret the deaths of 
Professor T Wardrop Griffith, referrmg to his eminence m the profession and his presi- 
dency of the Association at Leeds m 1934, and of Sir F Gowland Hopkins, in ■whom 
the Association has lost one of the greatest of biological chemists 

The Minutes of the last Annual General Meetmg, hamng been published m the 
Quarterly Journal of Medicine, -were taken as read, confirmed, and signed 

The Treasurer presented the Annual Accounts, •which showed a balance of £581 8* Id 
In addition to this the Association held £360 m the Post Office Savings Bank, and 
£2,000 in investments The financial position was very satisfactory and the E\ecutivo 
Committee had recommended that a further £300 ^ deposited m the Post Office 
Savings Bank The accounts and the above recommendation were accepted by the 
Association 

Selection of Place of Meeting for 1948 The Secretary read letters from Dr Perrj 
Popper, President, and Dr Weams, Secretary, of the Association of Aroencan Phj sioinns, 
regretting the impossibility of a joint meetmg of the two Associations this year m 
America, and ovprcssing the hope that it might bo possible to liold the joint meeting 
next year, and a personal letter from Professor W S Middleton to the samo effect It 
was agreed that it was impossible at the present moment to say whether transport and 
cuiTonoy difficulties would permit of a joint meetmg m 1048, and that, m anv case, 
there should be an Annual General Meeting m Great Britain In\ntations had been 
received from Liverpool, Belfast, and Dublin, and it was agreed pro\ isionallj that the 
Association should meet in Liverpool m 1048, m Belfast m 1049, and in London in 1050 

Number of Extra-Ordinary Members in 1948 In view of the largo number of candi- 
dates for Ordinary Membership, the Association agreed to leave to the discretion of 
the Executive Committee the nomination of up to 16 E^rtro Ordinary Members m 1046, 
to provide ns many places for now members as wore deemed desirable 


Election of Officers 

President Dr A Groig Anderson was elected President On his election ho took the 
Chair, and eiqiressed the thanks of the Association to the retiring President, Professor 
A W M Elhs 

Election of Officers, Executive Committee, Honorary Members, Extra-Ordinary 
Members, and Ordinary’ Members then followed 


Executive Committee 
President Dr A Grcig Anderson 
Treasurer Professor L J Witts 
Seeretani Dr C E Newman 


(U-J M ' » \ o f 4 1 
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ASSOCIATION OF PHYSICIANS 


Members for England 

Sir Adolpho Abrahams 

Dr D Evan Bedford 

Dr E Bulmor 

Sir Charles Sj-monds 

Dr Robert Coopo 

Professor C H Stuart-Harris 

Members for Scotland 

Dr J N Cruickshank 
Dr A Bao Gilobnst 
Dr T N Morgan 

Members for Ireland 

Dr R S Allison 
Dr T H Crozior 
Dr D JI Mitcboll 

Election of Honorary Member 
Professor A W M Elba (President 1040-7) 

Election of Extra Ordinary Members 
Sir Adolphe Abrahams 
Dr A E Barnes 
Professor J C Bramwoll 
Dr S B B Campbell 
Dr R C aarko 
Dr Foster Coates 
Dr R Coopo 

Professor Sir Francis Fraser 
Dr A Hope Gosse 
Dr W Johnson 
Dr J Parkinson 
Dr D Paterson 
Dr S W Patterson 
Dr J M Smolhe 
Professor W. W D Thomson 


Election of Ordinary Members 

Dougins Andrew Kilgour Black, M D , Lecturer m Medicme, Manchester University 
Archibald l^Ialcolm Gordon Campbell, D M , B:onorary Physician, Bristol Royal 

Hospital T,j I, i, 

John Hallidav Groom, F R C P E , Assistant Physician, Royal Infirmary, Eamburgn 
David Howard Davies, M R C P , Honorary Physician, Bristol Royal Hospital 
Oliver Fitzgerald, M D , Senior Assistant Physician, St Vincent’s Hospital, Dubun 
Charles Montague Fletcher, M D , Director, Medical Research Council Pneumooomosis 
Besearoh Unit, Cardiff 

Ian Gordon, O B E , F R C P , Assistant Physician, Aberdeen Royal Infirma^ 
Graham William Hajnvard, FRCP, Assistant Physician, St Bartholomews 
Hospital, London 

Leonard Hayden Howells, D , Physician, Cardiff Royal Infirmary 

Martm Hynes, M D , Render m Medieine, University of Cambridge 

Alexander Henderson Imne, FRFPS, Assistant Physician, Royal Infirmary, 

AiSmr^^rgan Jones, M R C P , RockefeUer Follow of the MedicM ^earoh Council 
Alan Kekwick, FRCP, Assistant Physician, Middlesex Ho^ital, 

^hn Duke Olav Kerr, FRFPS, Dispensary Physician, Western 

Austin WUlinm Drevar Leishman, D M , Honorary Physician, Royal Infirmary, 
He^^ifa^rge Miller, M D , Assistant Physician, Royal Victoria Infirmary, Newcastle- 
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Edward Eno Pochm, PROP, Phj'sician, University College Hospital, London 
Richard Wamwnght Duke Turner, 0 B E , M D , Senior Lecturer, Department of 
Medicme, Univ ersity of Edinburgh 

SCIENTIFIC BUSINESS 
Friday Morning May 23 

1 Db John F Wilkinson descnbed the results of Folic Acid in the Treatment of 
Anaemia In general folic acid or its conjugates were of no value m the treatment of 
aplastic or hypoplastic anaemias, agranulooj'tosis and leukopemas from various causes, 
hypochromic anaemias, most refractory macrocytic anaemias (usually wth normo- 
blastic morrows), all types of leukaemias, leuko erythroblastic anaemia, chrome ulcera- 
tive colitis, anaemias secondary to myxoedemn or hypothyroidism, or the purpuras 
On the other hand, fohe acid had good haematological and clmical effects on macro- 
cytic anaemias with megaloblastic marrows, such as permcious anaemia, the macrocytic 
megaloblastic anaemias of pregnancy, infancy, pellagra, sprue, steatorrhoea, and 
coeliac disease, nutritional macrocytic anaemia, and possibly achrestic anaemia It 
acted equally well when given orally or parenterally and had no HI effects, the usual 
dosage bemg 16 to 20 mg daily orally In permcious anaemia the haematological 
responses were similar to those seen with liver preparations, but after 12 months 
n number of patients tended to relapse and required moreasmg doses of folic acid On 
the other hand, folic acid was unable, m very largo doses, to reheve or prevent the onset 
and progression of subacute combmed degeneration of the cord, m fact there was 
a very disconcerting tendeney for subacute combmed degeneration of the cord to 
de\ elop quickly Folic acid was therefore contra-indicated, and was neither as efficient 
nor ns cheap os liver or stomach extracts m the treatment of permcious anaemia In 
sprue, coeliao disease, and idiopathic steatorrhoea, the responses were variable, the 
megaloblastic anaemias often showmg good responses at least for a time 

Pbofessob Witts commented on the tendency to regard milk as a poison because 
babies became anaemio on a milk diet He point^ out that they were not necessarily 
anaemic at all, wo might be judging by a wrong standard Sprue was actually treated 
with milk, which contams large amounts of folio acid The action of fohe acid appeared 
to bo to dry up the stools rather than to dumnish their fat content This relieved the 
patient of dehydration and so improved his general condition 

Dn C C Unolev had had expenence of sprue in pregnancy The macrocytic 
anaemia improv’cd with folic acid, but the stools mereased m looseness and frequency 
Tins might have been assooiated with worry, but folio acid did not always dry up the 
stools Ho pointed out that since doses of hver extract, which are effective in the 
treatment of anoemia, may have no effect on the spinal cord, so folic acid might bo 
effective if given m larger amounts 

Db F Pabkes Webeb asked whether anyone had tried the effect on the spinal cord 
of folic acid combined with intensive iron treatment The effect of iron on pernicious 
anaemia had been found to bo great m the days before modem therapy, but tlus fact 
seemed to hav o been forgotten 

Pnornsson L J Dav is said that in a senes of cases of sprue treated with folic acid 
it had been found that in none was there any improvement m the absorption of fot, 
but that all improved subjectively and in the radiological appearance of the small 
intestine Ho had found that m tho treatment of subacute combined degeneration of 
the cord intensive treatment with hvor was unnecessary , enough to control tho 
anaemia prov'cntcd degonomtion of tho spinal cord 

Dn Wilkinson replied that although milk contains folio acid it is possible to produce 
anaemia in rats on a diet of milk Tho amount of folio acid in liver extract is mmuto 
Subacute combined dcgoneration docs not respond to doses of 80 to 100 mg of folio 
acid He had not tried tho effect of fohe acid combined with iron, but ho deplored tho 
appearance on the market of 'blunderbuss’ mixtures of folio acid, iron, copper, etc , 
the thorajicutic contents of which were wholly madoqunto Ho pointed out tho 
difficultv of n.sse'-smg tho effect of treatment on sprue, a diseoso which is essentially 
phasic in its natural history Ho stressed that sprue in Cuba is entirely different, being 
a gross nutritional disen“o 

Dn H H ^loLL commented on a case of sjimo syndromo with inegaloblostic anaemia 
due to talies mesentenca, and said that a radiogram of tho abiiomen showed a largo 
[QJ'l Ntw S^Tl-« KtvCl) Y 



308 


ASSOCIATION OF PHYSICIANS 

number of onloinc<l mosontorio glantlB, tho nnnomm was refractory to liver therapy, 
but rospondod promptly to folio noid Folic ncid produced temporary symptoraatic 
impro\omont, but did not control the Btoatorrhoea and also did not prevent a relapse 

2 Dn II W FuLLrnTOK dosoribcd a Case of Cyclical Agranulocytosis in a man of 
04 years Since the patient first came under observation m Juno 1040 he had had 
regular nttaoka in winch the neutrophil polymorphs disappeared completely from tho 
blood Tho intervals between tho attaoks varied from 25 to 28 days, and m each 
attack there w ere pjroxia and infections, especially In tho mouth and throat Examina 
tions of the slomal marrow made at intor\als throughout one cycle showed that the 
phases of ngranulocj tosis wore duo to a virtual disapponranco from the marrow of the 
precursors of neutrophil polymorphs Various forms of treatment, including pent- 
nucleotide injections, bonadrj’l, I^ortigon injections, and pyridovino, failed to modify the 
course of tho illness Splenectomy was performed in March 1047 Since then the 
cyclical variation in tho number of neutrophil polymorphs had continued, but complete 
absence of these cells had not occurred and tho patient had not suffered from further 
bouts of pyroMo and mfcctions 

3 PnoFESson L J Witts spoko on Splenectomy tn Chronic Neutropenia 4Vhile 
penicillin had revolutionized tho treatment of acute agranulocytosis there remained 
a small number of patients with persistent loucoponia in whom a lastmg elevation of 
tho white coll count was dosirablo Iioueopenia usually precluded treatment by 
X-radiation or radio active matonals, nitrogen mustard, and urethane Tho white 
count usually rose and romainwl high after removal of tho spleen, whether the spleen 
was normal or pathological On this account tho spleen had been removed m cases of 
sarcoidosis, Hodgkin’s disease, and Ijmphoid follicular reticulosis, and the results had 
been satisfactorj Cases of chronio agranulocj tosis of a primary or idiopathic type 
probably fell into two classes, one a variant of aplastic anaemia, tho other a vanant 
of hnemoljtic anaemia E'camples of each of those classes wore reported m which 
splenectomy had not relieved tho sj-mptoms, though tho work of Bonn and others 
showed that splenectomy was sometimes successful in tho hnomoly tic type of leucopema 

Dn F Pahkes Wfubb recalled a case seen at tho Royal Society of Medicme of 
c} cheat agranulocytosis combined with o cyolionl psychical syndrome He commented 
on possible relationships with rheumatoid arthritis, tho most mysterious of all diseases, 
and stressed tho need for rosoaroli work on rheumatoid arthritis 

PnoFESSon L J Witts asked if Dn Follehton liad attempted to transmit the 
disease from his case to animals Dn FuiLEnTOU replied that he had not Ho had 
transfused tho plasma from o pint of tho patient’s blood into a human recipient to see 
if there was any factor present in tho serum, but without effect 


4 Dn A R IvEtSALL, Mr G Hiooins, and 3Ir J B P O'Brien (introduced) 
witliDn AiiiOE Stewart and Professor L J Witts gave n communication on Aecites 
tn Subacute and Chronic Hepatitis Dr. Keesau, said that among 35 cases of subaouie 
and chronic hepatitis ascites occurred m 10, none of the patients were chrome 
alcoholics In seven ascites was continuous, while m 12 it was temporary or inter- 
mittent Tho prognosis after tho appearance of osoites is not as bad as is often stated. 
There was a correlation between the occurrence of ascites and of mcreasod portal 
pressure, ns judged by the presence of splenic enlargement and oesophageal vancra 
Portal vein thrombosis and chronio peritonitis were each found once only A study 
was made of the relationship between ascites and plasma colloid osmotic pressure 
(COP), cnloulatod from 103 estimations of tho plasma protem levels It was found 
thot ascites seldom occurred unless the plasma COP was below normal , very low 
lev els of plasma COP, however, did not always lead to asoites, even m the presence 
of marked portal hypertension Moreover, m individual patients, although the plasma 
COP WAS usually lower ■when osoites wos present then ■when it ■was absent, 
not invariable Pleural effusions occurred in 10 patients, there was no evidence ot 
tuberculosis in those oases and tho plasma OOP was below normal m all of them 

Dji B Soheesinoeb asked why, if the low plasma osmotic pressure was the cause of 
asoites, these patients would not develop oedema elsewhere 


Pbofessor B Platt commented that it was very odd thot there were so 
1 Lnlins in Professor Witt’s senes He was suspicious of lustones based on pii^ 
fSThat It Xs essential that mquiry about aloohoho causes should be 

imdortakon personally 
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Professor J W McNee had noted that female patients with infective hepatitis 
progressing to cirrhosis greatly outnumbered male patients He suspected that there 
might be a good deal of non-alcoholic cirrhosis in the future, and thought that, ns 
a result of all the cases of mfective hepatitis during the war, there might bo a good 
deal of chronic hepatitis m this country at the moment He was very concerned over 
the groat difBculty of the pension problem in cases of patients with possible chronic 
hepatitis who had not been jaundiced m the acute attack 

Professor Witts replied that he was quite happy about the histones m his senes. 
It would need a clever patient to conceal alcoholism from He Alice Stewart The 
population from which the senes was drawn was rural or semi-urban, in which the 
mcidence of alcoholism was low, and they were most of them respectable mamed 
women Ho thought that the good results of treatment claimed by the Amencans 
could be ojqilamed by the fact that their cases were for the most part alcoholic and 
dietetic Tile results m Oxford had been disappointmg, probobly because the pathology 
was different 

Professor CLirroRD Wilsov had seen patients with a normal amount of plasma 
protem, but with signs of mcrcosed portal pressure, who had no ascites or oedema He 
suggested that as the quantity of postenor pituitary hormone m the unne was 
merensed in cirrhosis with ascites, and as the post-mfective cases often had angoiomnta, 
which are associated -with oestrogen metabolism, he thought it possible that ascites 
might bo associated with abnormal endoermo metabolism 

The PBE3rDE^T inquired how one was to know if patients who had had infective 
hepatitis wore loft with impairment of hepatic function He also was anxious with 
regard to the problem of pensions 

Dr Kelsall, replying, said that he would not for a moment suggest that the plasma 
osmotic pressure was the only factor concerned, but that, as a matter of fact, mony 
patients with ascites do have oedema elsewhere He pointed out that m a recent paper 
in the Quarterly Journal of Medicine on hunger oedema, it had been found that it was 
not just a question of on oedema le\ el of plasma protem, low protem osmotic pressure 
was one factor, increase in portal pressure was probably another Ho also was quite 
satisfied that the incidence of non-alcoholic hepatitis had not been over estimated, and 
ho felt that the respousibility of infective hepatitis for the subsequent cirrhosis was \ ery 
important to the patient He agreed that the problem about pensions was very difficult 
In answer to the President’s question ho jmmtcd out that although m a single test 
the liver function may be normal m a case of cirrhosis, multiple tests will reveal 
some abnormality, just ns clinically any one physical sign may be absent, whereas 
most patients have somo physical sign of the disease 

6 Hr W A Parker (introduced by Professor Noah Morris) described the ClintccI 
Pharmacology of Sodium Saheylale Plasma levels of snbcylnto wore estimated in 
patients after various methods of admmistration of sodium salicylate After single 
doses the peak plasma level appeared in two hours Little difference was detected be- 
tween two hourlj and four-hourly administration The administration of alkali led to 
n fall in salicylate plasma levels, while administration of on acid salt produced an 
increase These results were probnblj duo to an increased rato of excretion with alkali 
and a dccrcascil rate with acid There is an increase in the ratio ‘free sahcvlato in the 
nnne/total sahcylato administered’, with increased alkalinity of the unne By moaus 
of rectal administration it was possible to maintain plasma levels of the some order ns 
With oral administration With intravenous administration higher levels could bo 
obtained, but onlv for a short period, so that with oral thcrapj it is possible to main- 
tain as bigb a constant level It was possible to prevent reduction in alkali reserve of 
the blood with simultaneous intravenous administration of sodium lactate solution 
The incidence of toxic innnifestntion was dcscnbcil and was related to plasma levels 
From tlin figures obtained it was suggesteil that vomiting is caused bj a central effect 
in rectal and intravenous administration and by a local effect in oral administration 

Bu P Parkfs rnm pointeil out that acute rheumatic fever was a senes of pheno- 
mena due to hv personsitiv itv townnls the unknown pathogenic agent of rbeiimatio 
fever If this agent is a streptococcus or virus, snbcvlntes act on the hvpcrsensitivntv 
and not on the pathogenic organism He coinmentrsl that Ibo verv severe forms o’f 
rheiimnt 1 C fev er w htch used to be seen seemed to hav e dimini«he<I with the imnrov ement 
III ibo general nutrition of j cuing people 
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1pm 

Tho ABsoomtion then ndjoumod to luncheon nt tho University Alter luncheon 
pnrties wore shown over tho no« Infirmary buildings, and pathological and pharma- 
cological demonstrations 'noro OTliibited in tho Medical School 

3 30 pm 

Tho Association was entertained to ton by tho Directors of tho Infirmary la the neir 
Nurses Homo 

1pm Afternoon Session 

^ rlcsoribod two patients with Benign Cavernous Haemanpoma of 

the IjUTig Tho tumours noted ns nrtonovenous nnouryams m tlio pulmonary circnifc 
causing cjnnosis, clubbing of tho fingers, poljcythnomin, linemoptjsis, and attacks of 
cerebral anoxaemia, tlioro was no cardiac enlargement Slides were shown illustrotmg 
tho typical X ray appearances and structure of tho haemangiomata, and tho \oluo of 
tomography in tho dingnosLs of these coses was stressed Dn Bahves emphasized the 
differential diagnosis from congenital heart disease in children and from polycythaemia 
rubra a era in adults Lobectomy' was performed on each patient, although the first 
died from post-oporativo pneumonia tho second did well and would probably bo 
completely cured 

Dr Parkes WmFR said that Dn Barves had illustrated one form of tho dysplasia 
of tho blood \ oscular sy atom and had thrown on interesting additional light on vasoulor 
hnmnrtomntn 


2 Dn A Raf GrponRisr spoko on Infective Endarteritis of the Pufmonary Artery 
In a senes of 00 consocutuo oases of patent ductus arteriosus obser\cd durmg the post 
Bi\ years, mfcctno ondartcntis of tho pulmonary artery had developed in six potients 
Tho local lesion was similar in its aetiology, pathology, and course to the better-known 
subacute bnetonal endocarditis Tho diagnostic tnod consisted of sopticoeimo, local 
signs of a patent ductus, and recurrent pulmonary infarcts, but it was desiroble to 
cstobhsh the diagnosis before embolic phenomena occurred In successful treatment 
surgical closure of tho ductus was of outstonding importance and took precedence of 
chemotherapy', though penicillin could bo used in tho more gravely ill patient, judged 
too exhausted for immediate surgical intervention, in a dose of 600,000 umts daily for 
28 days, in tho hope of o\ ercommg the infection and thus preparmg the way for ductal 
ligation Tho nsl^ of pulmonary infarcts during tho first few weeks of penioilhn 
therapy were very real and might well offset any' gain in the patient’s strength and 
resistance Three potients m tho senes of six recovered, two of whom were treated 
exclusively' by surgery and one with penicillin preparatory to ligation Tho most 
cffcctuo stop in tho prevention of infective ondartcntis is the recommendation that all 
children known to have a patent ductus should bo kept under observation until the 
ago of seven or 10 j cars, about which time ligotion should be performed The develop- 
ment of a Streptococcus tnndans septicaemia could bo prev ont^ by the use of mtensive 
sulphonamido thorapy before and diinng operations on tho mouth and throat In this 
way tho mcidence of bnetonal endocarditis and infective endortentis should be reduced 

Professor J C Spen'oe pointed out that those potients might not be improved by 
pemoillin and that operation while the patient was still m n deplorable climcal stote 
might succeed witli the help of groat pro operative and post-operative care 

Professor J C BnAsnVELL advocated prophylactic treatment before dental treat- 
ment m nil cases liable to soptio endocarditis He thought thot patients who had been 
mfeoted for ony length of time with endocorditis had not responded to treatment as 
well ns had recent infections of, say, under 10 weeks 


Ur Gilchrist agreed that it was unwise to postpone surgery too long and thou^t 
that it was wiser to take risks witli children even if it was not with adu^ In ^ 
opinion a very exhousted adult patient with a protracted infection should bo treatea 
■vnth pemcillm before operation 


a PaoFESSOB Cliffobd Wilson discussed the Relation of Bypertension to the Develop 
^ Failure in Chronic Bright's Disease Uunng the course of cl^io 

jvhntis unnairment of renal function was frequently preceded by a rise “ Wot 
J r£S STarticularly affected the diastoho level This rise was m most cases 
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gradual and was not associated with signs of reactivation of the nephritis The rate 
of detenoration of renal function was related to the subsequent behaviour of the 
blood pressure In some cases the diastolic pressure rose rapidly and became fixed 
at a high level m a ponod of months Papilloedema, left ventricular failure, and 
hjqiertenBive encephalopathy developed, and although renal impairment was rapidly 
progressive the patient died with only moderate nitrogen retention, m fact the clinical 
picture was mdistinguishable from that of mabgnant hypertension When this sjui- 
drome occurred in primary renal disease he suggested that the term malignant 
termination should be used to avoid confusion with the malignant form of essential 
hypertension Other cases of chrome nephritis developed renal failure more slowly In 
these the diastohc pressure tended to be only moderately raised and was labile, but the 
majority of coses ended with a malignant termination Of a senes of 127 cases of 
uraemia m which histological examination of the kidneys was made, 49 were diagnosed 
ns malignant hypertension and 67 as chronic nephntis, 61 per cent of the latter 
developed the mabgnant termination desenbed above 

Professor Elus stressed the drSerentiation between malignant hypertension and 
renal disease associated with a hypertensive termmation Malignant hypertension 
was primarily a vascular disease, the others were primarily renal 

Professor Platt, discussing the difference between malignant hypertension and 
cases of renal, if of obscure renal, ongin, pointed out that, contrary to what was 
thought, the secondary oases wore usually young, but that the cases of primary 
malignant hypertension were rather older, the average age bemg about 47 years 

Dr GrLonRiST thought that uraemia was sometimes postponed by cardiac failure, as 
for mstanoe that after coronary thrombosis 

Professor Clifford Wilson thought that the rise m blood pressure was due to 
renal ischaemia Ho pomted out that renal function certnmly does not improve with 
cardiac failure, though the fall of blood-pressure may in some cases postpone renal 
failure 

4 Professor Robert Platt discussed Heredity in Hypertension Because hj-per- 
tension is a sjTidromo and not a disease any study of heredity must clearly distmguish 
essential hypertension from hypertension secondory to other causes, such as pyelo- 
nephritis and urological disorders Failure to do this is the chief reason whj the 
ovenvhelming intluonoo of heredity in essential hypertension has not been fully 
appreciated m tlio post When the distinction between essential and socondarj hyper- 
tension was carefully mode it was found that the family histones in secondary 
hypertension resembled those of a control group with normal blood pressure, whereas 
in essential hj pertension the frequency of a positn e parental historj strongly suggested 
the notion of a dominant gene with a rate of expression of over 00 per cent Tins 
was important in practice For instance, if there was strong ovndenco that a parent 
had had hjqicrtension there was a 6 to 1 chance that the patient’s hypertension was 
of tho essential tjqio If there was ov idonce that the parents were unaffected the chances 
were 6 to 1 against essential hypertension Tho hereditary factor m tho malignant and 
benign typas of essential hypertension appeared to bo tho same 

Tiif Pnr^DrsT said that doctors working in not too big a town could follow tho 
family histones of their patients and were aware of tho hercditari factor in hjqiertension 

Proffasor Clifford Wilson thought that family history might bo \erj useful in 
diflorontiating pnmarj from secondary hypertension, and noted that recent American 
work had confirmed Professor Platt s findings 

Proflssor Ellis was surprised that Professor Platt had been able to obtain 
such satisfactory evidence Ho asked whether Professor Platt hod considered 
his cases m the light of the Registrar General’s classification of the four economic 
classes Professor Platt said that ho had not investigated his cases from the cco 
nomic point of mow, hut that ho had no doubt that such on investigation uould lie 
interesting Ho remnrkcil, Iiouever, that ns ho had just taken on a whole time appoint- 
ment he was afraid his monograph on the diseases of tho verv nch would never he 
written 

Annual Dinner 

The Annual Dinner was held in the Flphinstone Hall of King's College Alicnleen 
The Pr(--uleiit , Diu A f tin in Anderson, u ns in the Cliatr Tho toast oft he Assoc lat ion 
was propo“c<l hv the Prc-ident and that of the Gne-ts hv Professor D M Dunlof 
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Tho Principal, Sm Wilmam Hajiilton Fyfe, replied, and Sm XnoiiAS Mitchell, the 
Lord Provost of Aberdeen, added a few remarks on behalf of tho city The toast of 
the Prcsulont was proposed by Dn Gforoe Riddooh Tho other ofTicial gnosts were 
Mr a Burnett WnVTF, Chairman of Directors, Royal Infirmary, Professor J 6 
Youno, Department of Pathology, Aberdeen University, and Dn A W Hendry, 
Senior Plivsician, Aberdeen Royal Infirmary There were present 109 members and 
gliosis, and in tho opinion of all both the dinner and tho speeches vroro of an outstand 
ingly high quality. 

Saturday, 10 am Morning Session 

1 Dn A ht G Camtiifll (introduced by Dr W Ritokif Russell) disoussod The 
Association between SiuaybacL and Disseminated Sclerosis Ho reported that four of 
seven resoarcli workers studjing ‘swajbnok’ in sheep developed a disease of tho central 
nervous sjstom rcsomblmg diasominalod sclerosis Both swaybaek and disseminated 
sclerosis are domvobnating diseases, and botli have a geographical distribution Sway- 
back IS prevented bj givnng copper salts to tho owes, but tho treatment of dissemmated 
sclerosis with copper salts had so far proved to bo disappointing 

Thf Presidfst said that disseminated sclerosis was common in Aberdeen and re 
minded tho Assooiatioii that Dr D Adams of Glasgow had road a paper on dissemmated 
sclerosis in wood workers 

Dr D hloALTiNF suggested that disseminated sclerosis was at least ns mystonous as 
rheumatoid arthritis The difilciilty was that it scomcil likoly that tho cause was not 
m tho nerv ous system but outside it Tho problem, therefore, lay m the scope of the 
pbjsioinn, not in that of tho neurologist If might bo either a specific allergic response 
or a specific infection There was a small but dolmito familial incidence and there 
wore mnnj obscure factors determining the onset, such as trauma or psychological 
events 

Dn Ritchie Russell said that tho rolntionslnp of copper to dissemmated sclerosis 
bad been investigated, but that copper metabolism had been found to be within 
normal limits Workers on swaybaek m 1930 who wore afraid that they might be 
being infected had, ns a matter of fact, used copper on themsolv es The progress of the 
disease in infected workers had been benign with one exception, in which treatment 
with copper sulphate had not prov ented relapses, and tho patient had possibly run the 
risk of copper sulphato cirrhosis Tho thcorj' that a vims infection might bo influenced 
by trace elements opened fascinating possibilities 

Dr Allison said that ho had mv estigated disseminated sclerosis m wood-vrorkers He 
had found no ovidonco of geographical distribution, and no evidence that it was more 
prevalent in urban or rural districts It had been impossible to decide when the 
disease began in relation to emplojmaent because of movements of the population He 
suggested the possibihtj of progress by the measurement of the duration of relapses 
and remissions 

Dn McCluskie had found that tho incidence of disseminated sclerosis was highest m 
innkeepers, farmers, and wood-workers, m that order Tho possibility of an insect 
V cctor was being mvostigatod by a study of the insects infesting different animals and 
w oods Ho had moculated sheep from patients with acute dissemmated sclerosis with 
out result, but had not mv estigated the effect of inoculation combined with deficiency 
of trace elements Ho thought it possible that the Cambridge workers rmght have been 
infected by tho bites of msects from the bodies of dead animals 

Professor Ellis suggested that a latent infection might be responsible for the 
relopses, and remarked that os a sufferer from herpes febnlis be was all too aware how 
a latent infection could be lit up by factors of many different kinds 

Profbssor Oltveb suggested that os copper is present m all tissues except yolk of 
egg there might be o relation between infection and a defioienoy of eggs in the diet 

Dn Burrow pointed out that virus diseases m ammols did not necessarily take the 
same form when tliey appeared in man I,oupmg ill appeared m sheep as a cerobellM 
atronhv but in man resembled tuberculous meningitis He mstanood oases of foiwo 
who suffered from what appeared to be tuberculous memngitis and recovered, 
who were found to have been concerned with loupmg dl Ho noted that m 
“f iniinimr ill m man the chlorides m the cerebrospinal fluid were normal He said tnat 
dissemmated sclerosis m the Leeds district had o higher mcidence in country folk than 
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m townspeople, partioularly in farm workers and gamekeepers He also suggested the 
closer study of natural remissions and relapses, and hazarded the suggestion that as 
the central nervous system is isolated from the blood by reticulo endothelial cells, 
damage to these cells by circulatmg antibodies might be responsible He noted the 
remarkable results sometimes produced by hyperthermia and arsphenamme 

Db Campbell replymg, instanced an outbreak of dissemmated sclerosis m a village 
m which the affect^ girls had passed through a saw-mill on their way to school and 
drunk water from a well contammated with sawdust, but noted that association with 
wood workers and a famdial mcidence were only occasionally found He agreed that 
moculation experiments were worth domg, but commented on the expense of the sheep 
as an experimental animal, and said that the copper content of the liver m dissemmated 
sclerosis had been found to be normal m biopsy material 

2 Dk I Anderson (mtroduced by Db J Cbaig) described ilftnor Degrees of Adrenal 
Vmlism Nme unselected female cases of post-pubertal hirsutism showed few signs of 
vinhsm other than masculine hypertrichosis The urinary 17-ketosteroid output was 
slightly above the normal range m five cases, who also had 100 x 17-ketosteroid creatiJ 
rune ratio of over unity, and an abnormally high proportion of 3jS 17-ketosteroids m 
the total 17-ketosteroid output In two cases with raised 17-keto8teroid output, the 
adrenal glands were of normal size radiologioally after perirenal msulBation, and 
Soffer’s salt tolerance test gave normal results One case showed msulm resistance m 
the glucose msulm tolerance teat Both patients were given oestrogen therapy One 
mg of dienoestrol daily for two months tended to regularize menstruation, but had no 
eHect on the hirsuties or the 17-keto3teroid output Five mg of dienoestrel daily for 
sue weeks produced no further change m one case, but m the other there was a decrease 
m the darkness and coarseness of the facial hair and the 17-ketosteroid output fell to 
a normal level 

Professor Platt commented that he had had two cases m hospital recently and 
had observed some famOial incidence He stressed that Cushing’s syndrome was due 
to different hormones, and although the Cushmg and adrenogemtal syndromes might 
comcide m the same mdividual, they should be clearly separated m the mmd 

3 Dr J F Patterson (mtroduced) and De S Alstead speaking on The Treat- 
Went of Intestinal Flatulence said that drugs and methods employed to reheve gaseous 
matonsion of the bowel were legion Hitherto assessment of their relative merits had 
been on general chmeal Imes, mamly dependent on the subjective sensations of the 
^tient The method described consisted m measuring the output of gas from the 
bowel by means of a self-retaming catheter inserted mto the rectum and connected 
wth the common gas jar Controlled observations could thus be attempted, and results 
snowed that the only reliable therapeutic measure was the subcutaneous mjection of 
postenor pitmtary extract m full doses Hot turpentme stupes, radiant heat, carbachol 
physostigmme, prostigmme, and carmmatives proved more or less unsatisfactory 

^ J?® ® A K Black (mtroduced) discussmg Fat Absorption tn Tropical Sprue said 
m ** oS L levels of total fatty acid, cholesterol, and hpide phosphorus were deter- 

before, and at mtervals after, a standard meal contauimg 18 gm of fat Twelve 

Oh cu^es were done on normal controls, and 31 on patients with early tropical sprue 
11 ^^^! observed values the changes m phosphohpide, cholesterol bound, and 

ch^W fatty acid were calculated It was found that the fasting values for 

abo pboaphohpide fatty acid were lower m sprue, while neutral fat rose to 

frack degree as m normals The normal range of morement m the various 

The '^ide, and fat curves have no diagnostic value m the mdividual patient 

“ accord with Stannus’s hypothesis that neutral fat is well absorbed in 
I w lie the absorption of spht fat is impaired 

in\t^ BhACK, m reply to a question by Peofessor Platt, said that the results of this 
'go ion had not at present altered the treatment of sprue 

® W Patterson described Some Unusual Oomplications of Para-oesophageal 
Burmcni i QQvelopment of the condition is interesting from the pomt of view of 
para symptoms when present are similar in short oesophagus and 

Iheir min? herma and ore commonly characterized by their mtermittency and 

Crouns { posture There may be no symptoms , when there are they fall into 

\®) irseudo angmal, pressure pain m the lower chest often referred to the loft 
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Bhouldor Tho moohaniam of those Bymptoms may ho from local distension or from 
stimiilntion of tho sensory ondinps of tho vogus or of tho phronio norvos Mathison {liev, 
of Neur nnd Psych (1012), 10, 053) found alterations of blood pressure and respiration 
on stimulating tho conlrnl end of tho cut phronio norvos in dogs, oats, and rabbits 
(b) Embarrassment of broalhing and pressure in tho mediastinum (c) Digestive symp 
toms such ns dysphagia, linomntomosis, or ulcer of tho offcotod portion of tho stomach 
An umiaual^coso of leiomyoma of the liomiatod part of tho stomaoh, with strangulation 
nnd haomofrliago, sucoossfully operated on by Mr Hormon Toylor, was dosonbed 

Tiif rnnsiDJ-NT pointed out that pam-oesophngoal hernia produced throe different 
clinical pictures, tho cardiac, tho modiastinitic, and tho digestive « 

0 Dr Ivon Dames described tho Ohmeal Features of Pneumokomosxs nnd referred to 
tho recent communications on tho Medical Research Council Research m CardiS by 
Dn Ai/iCF Stewart nnd Dii C M PnFTcnEn Dust provenfion m mines was being 
energetically pursued nnd preliminary measures wore promising Ho had first noticed 
tho froquonej of omphjsomn in colliers at tho Out-pntionts Department of tho Cardiff 
Royal Infirmary ns far back as 1914, nnd over 20 years had observed its slow develop 
ment, when, after 20 to 30 years in tho mine, tho chest oipnnsion would bo reduc^ 
to ti\o inches nnd about 10 y'oars later to ono mob or oven less Many men workmg'at 
tho coal-fnco woro found to bo prematurely old nt 60 years through omphysomn and 
sometimes cardiovascular degeneration An offor to investigate was rejected by tho 
Miners’ Union through n fear of the economic consequences Advanced emphysema 
obscured silicosis, tuberculosis, nnd enrdino onlargomont Later, m hospital, jie found 
that right-heart failure was tho enuso of death in most coses nnd simple bronohopneu 
monin in tho remainder Most of tho cases of silicosis died at home from tuberculosis 
bo\ oral strikmg spocimons of lungs woro domonstrntod These woro sections prepared 
bv Dr Jethro Gough nnd Mr J E Wentworth m the Department of Pathology of the 
Welsh National School of Medicine, by embedding a slice of tho orpnnded lung m 
gelatin nnd mounting sections about J mm thick on paper They were demonstrated 
by transmitted light on nn X-rny viowing-box 

Professor Witts commented on tho beauty of the large microscopic sections, and 
thought thoy represented n great advonco in the technical methods of mvestigation 

Dr Parkes Weber, commenting on tho dust caused m London by tho distribution 
of coal, wondered why tho coal distributors do not suffer m the same way as mmera 

Dr YOT7^Q anid ho had only scon ono coal distributor with anthmcosis m 20 years’ 
oxponcnco 

Db Dames said that tho hledicnl Research Council Report of 1942 showed that 
length of timo nt work nnd tho concentration of dust were the important factors 

1pm 

Tho Association lunched nt tho University, and Professor Elus proposed a vote of 
thanks to tho local members for thoir hospitality nnd for having organiz^ so successM 
nnd enjoyable n mooting This was received with acclamation In the afternoon the 
Chapel, and tho books nnd manuscripts m the Library of King’s College were exhibited 
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